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PREFACE. 



Tsa 8c1mm1 Committee of the City of Bofton haTing feeently 
fkniihed the Grammar Schools with apparatos for exemplifying 
the priaoiplee of Natural Philosophy, the author of this work, 
whe, for ten years, has been at the head of one of these large 
eiteUiahments, and has felt the want of an elementary treatise 
m Heneumbere d wWk tadramMua tiuUUt^ has been induoed to attempt 
to enpply the deficiency. If he is not deceived in the result of 
his hbotUy the woA will commend itself to notice, by the follow- 
ng features: 

1. It is a4|Lpted to the preseiU Hat$ of natural science ; em- 
braces a wider field, and contains a greater amount of infermation 
•a the lespectiTe subjects of which it treats* than any other ele* 
meatary treatise of its size. 

9. It contuns an engraving of every article in the Boston School 
9Bt of phUosopkieal apparatus ; a description of each instrument^ 
and an account of the experiments which can be performed by 
Hwans of the apparatus. 

3. It is emiched by a representation and a description of the 
Leeosnoftee, as well 'as the common Steaiai Engine* 

4. Besides embracing a c(^ions account of the principles of 
Electricity and Magnetism, its value is enhanced by the intro- 
ioetion of the scienee of Fyronomice, together with the new 
aeienee of Electro-Magnetism. 

5. It is peculiarly adapted to the oonvenience of study and of 
lecj^on, by the figures and diagrams being first placed, side by 
side with the illustrations, and then repeated on separate leaves 
at the end of the volpme. The number is also given, where each 
principle may be fimnd, to which allusion is made, throughout the 
volume. « 

a* 



Yl PREFACE. 

6. It presents the most important principles of science in a 
larger type ; while the illustrations, and the deductions from these 
principles aie contained in a smaller letter. Much useful and 
interesting matter is also crowded into notes at the bottom of the 
page. By this arrangement, the pupil can never be at a loss to 
distinguish the parts of a lesson which are of primary importance; 
nor will he be in danger of mistaking theory and conjecture for 
&ct« 

7. It contains a number of original illustrations, which the 
author has found more intelligible to children, than those with 
which he has met elsewhere. 

8. Nothing has been omitted, which is usually contained in aa 
elementary treatise. 

A work of this kind, from its very nature, admits but little 
originality. The whole circle of the sciences consists of princi- 
ples deduced from the discoveries of different individuals, in 
different ages, thrown into common stock. The whole, then, it 
common property, and belongs exclusively to no one. The merits 
therefore, of an elementary treatise on natural science must rest 
solely on the judiciousness of its selections. In many of the 
works from which extracts have been taken for this volume, the 
author has found the same language and expressions without the 
usual marks of quotation. Being at a loss, therefore, whom to 
credit for some of the expressions which he has borrowed, he 
subjoins a list of the works to which he is indebted, with this 
general acknowledgment ; in the hope that it may be said of 
him as it was once said of the Mantuan Bard, tiiat ''he has 
oAomed his thefts, and polished the diamonds which he has 
stolen." 

The thanks of the author are due to Dr. J. W. Webster, Pro- 
fessor of Chemistry, in Harvard University, for the exhibition 
and explanation of a new and highly interesting apparatus in 
the department of Electro-Magnetism, to which allusion is made 
in the body of this work 

It remains to be stated, that the Questions, at the bottom of the 
page, throughout the volume, were not written by the author, bot 
were prepared by another hand. 

R. G. P. 

12 Oraingt Street, JSpril, 1837. 
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ADVERTISEMENT 

TO TBS 

SECOND (STEREOTYPE) EDITION. 

Tbs author has availed himself of the opportunity, in a new 
edition, to make such improvements as have been suggested by 
his own experience, or by the advice of others. To Captain N. 
TiHinghast, of the English High School in this city, and late 
Professor of Chemistry in the Military Academy at West Point, 
his especial thanks are due, for the detection of a number of 
errors in the first edition, which, in a work of this kind, in- 
Tolving so many principles, are venial, if not wholly unavoidable. 
The author respectfully requests, that Teachers and others who 
nse the book, will favor him with the notice of any errors which 
haye escaped detection ; and he pledges himself that they shall 
be speedily corrected. The volume, having now been stereo- 
typed, is in a permanent form ; and it will be the aim of the 
author to keep it so, with no other alteration than the correction 
of errors. In the first edition those passages only were numbered 
which contain the most important principles. For the conveni- 
ence of reference, the numbers have now been extended, so 9g 
to embrace every fiict or principle to which reference is made. 

12 Orange Street, February, 1838. 
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Thb following Works, by the author of this vol- 
ume, are for sale at Marsh, Capen, & Lyon^s 
Bookstore, No. 133 Washington Street. 

PtOBteiusaie ISvtttlutu In Snglitf^ 

iRompoultU^n. 

This popular work was first published about four 
years ago, during which time TWELVE large 
editions of it have been printed in this city, and SIX 
editions in London. It was introduced into the pub- 
lic schools of Boston, soon after its publication; and 
it is now the only work on composition authorized 
to be used in them. 

IPtOBteisisilie 'Evtvtlutu In Snsltoj^ 

<3rtammat. 

PAET I. containing the Analysis, and PART 
n. the Synthesis of the English Language. 

This work is als5 used in the public Schools of 
this city. It has passed through four editions in 
this country, and two in England. It is also very 
extensively used in many public and private Sem- 
inaries. 

^tofictnnVbt lEvtttlBtu In Hg^tfcal 

Heantas, 

Particularly designed to familiarize the younger 
classes of readers with the pauses and other marks 
in general use ; and to introduce them to the prac- 
tice of modulation and inflection of the voice. 

This work has been adopted in many respecta- 
ble Seminaries, and has also been republished in 
England. 



TO THB HOHOKABLX 

SAMUEL ATKINS ELIOT, 

MAYOR OF TBS CITT OV BOtTOlT, AlTD CKAIRXAW Or 

thb tchooz. coxxittxs* 
Sib, 

The public Schools of this City axe under many obligationfl 
to you, for the interest you hare taken in them, and fot your 
disinterested exertions for. their improvement This Tolume, 
designed to supply a want which they have long felt, affords 
an opportunity of acknowledging the obligation, which I gladly 
embrace. The gratification which I feel in seeing you at the 
head of our municipal institutions, I beg leave to express in 
borrowed language : — 

Tibi ut gratuler non est in animo ; sed contra, hano occasio- 
nem, mihi sic oblatam, nostram civitatem gratulandi, reniti non 
p6ssum. Qus omnia solita tua benevolentia ut accipias quttso. 
I am. Sir, very respectfully, 

Tour obedient Servant, 

RICHARD GREEN PARKER. 



NATURAL PHILOSOPHY. 



SECTION I. 
Divisions of the Subject 

1. Natural Philosophy is the science which treats 
of the powers and properties of natural bodies, their 
mutua] action on one another, and the laws and opera* 
tions of the material world. 

2. The principal branches of Natural Philosophy, are 
Mechanics, Pneumatics, Hydraulics, Hydrostatics, 
Acoustics, Pyronomics, Optics, Astronomy, Electricity, 

Galvanism, Magnetism, and Electro-Magnetism. 

3. Mechanics is that branch of Natural Philosophy which relates 
to motion and the moving powers, their nature and laws, with their 
efiects in machines, &o. 

4. Pneumatics treats of the nature, properties, and effects of air. 

5. Hydraulics treats of the motion of fluids, particularly of water; 
and the construction of all kinds of instruments and machines for 
moying them. 

6. Hydrostatics treats of the nature, gravity, and pressure of 
fluids. 

7. Acoustics treats of the nature and laws of sound. 

8. Pyronomics treats of heat, the laws by which it is governed, 
and the effects which it produces. 

9. Optics treats of light, of colors, and of vision, or sight. 

10. Astronomy treats of the heavenly bodies, such as the son, 
moon, stars, comets, planets, &c. 

11 . Electricity treats of thunder and lightning, and the causei 
1^ which they are produced, both naturally and artificially. 

12. Galvanism is a branch of Electricity. 

1. What is Nataml Philosophy f 2. What are the principal branches ofNat- 
aral Philosophy i 3. What is Mechanics f 4. Of what does Pneumatics treat f 
5. Hydraulics? 6. Hydrostatics f 7. Acoustics ? 8. Pvronomicsi f 9. Op> 
ties t 10. Astronomy f 11. Electricity i 12. Of what is Galvanism a brancii f 

1 
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13. Magnetism treats of the properties and efl^ets of the magnet, 
or loadstone. 

14. Electro-Magnetism treats of the combined powers of £lee- 
tricity and Magnetism. 



SECTION II. 

Qf Matter and Us Properties. 

15. Matter is the general name of every thing that 
occupies space, or has figure, form, or color. 

16. The words substance, body, or bodies, are but dif&rent names 
ibr the same thing, and they are all comprehended under the gen- 
eral name of matter. 

17. All matter is composed of very minute particles, which are 
connected together in different bodies, by different degrees of cohe- 
sion. 

18. Matter exists in two forms, namely, a solid and a 
fluid form. 

19. Matter exists in a solid form when the particles of which it 
is composed adhere together, so that one particle cannot be moved 
witliout moving tlie whole. 

20. Matter exists in a jQuid form when the particles, having but a 
slight degree of cohesion, move easily among themselves. 

21. There are seven essential properties belonging 
to all matter, namely : 1. Impenetrability, 2. Extension, 
3. Figure, 4. Divisibility, 5, Indestructibility, 6. In- 
ertia, and 7. Attraction. 

212. These are called essential properties, because no particle of 
matter can be deprived of them, or exist without them. 

23. There are certain other properties existing in diflferent bodies, 
called accidental properties, because they do not necessarily exist 
in the bodies themselves, but depend upon their connexion with 
other bodies. Thus, color and weight are accidental properties, 
because they do not necessarily exist in the bodies tliat possess 

IS. Of what does Magnetism treat ? 14. Electro-Magnetism ? 15. What is 
Matter i 16. What is meant by the words substance, body, or bodies f 17. Of 
what is all matter composed ? How are these particles connected together f 
18. In how many fbrms does matter exist f What are they f 19. When does 
matter exist in a solid form i 20. When in a fluid form i 21. How manf 
eiaential properties of matter are there f What are they ? Why are they 
called essential properties f 23. What other properties exist in diflTerent bodies f 
Why are they called accidental properties? Are color and weight eaaential or 
Sfceidental propertiM f Why f 
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tbem, but depend apon their connexion with other things. [See 
^atn^and Optics'] 

21. There are also certain terms nsed in Natural Philosophy, to 
express the state in wiiich matter exists, such as Porosity, Density, 
Rarity, Compressibility. Expansibility, Mobility, Elasticity, Brittle- 
I, Malleability, Ductility, and Tenacity. 



26. By Impenetrability is meitnt the power of occu- 
pying a certain space, so that where one body is, anoth- 
er cannot he, without displacing it ; because two bodies 
or two portions of matter cannot occupy the same space 
at the same time. 

26. Impenetrability belongs to fluids as well as solid bodies ; and 
it is as impossible for a liquid and a solid body to occupy the same 
•pace at the same time, as it is for two solid bodies to do so. The 
reason why fluids appear less impenetrable than solid bodies, is, 
that the particles of which they are composed move easily among 
themselves, on account of their slight degree of cohesion. [Ses 
JVp.20.] SB 

27. lUtutration 1st. Fill a tumbler with water, or any other 
liquid, and put a spoon, or any oihvr article, in it: the liquid will 
flow over the sides of the vessel to make room for the spoon * 

28. Illustration 2d. Put some water into a tube closed at one 
end; and then insert a piece of wood that fits the inside of the tube 
Tery accurately. It will be impossible to force the wood to the 
bottom of the tube, unless the water be first removed. The same 
experiment may be made with air instead of water ; and proves that 
water, air, and all other fluids, are equally solid, or impenetrable, 
with the hardest bodies. 

2D. The impenetrability of water was shown by an experiment 

* It is a well known fact, that a certain quantity of salt, the particles 
of which are supposed to be smaller than those of water, can be put into 
a vessel full of water, without causing it to overflow ; and as the parti- 
cles of which sugar is composed are smaller than those of salt, a por- 
tion of sugar may be addea after the fluid is saturated with salt. This 
may be accounted for by supposing that the parti- p. . 

eles of fluids are round, and therefore touch one 
another only in a few points. There will be spaces 
between the particles in the same manner that 
there are between large balls which are piled on ' 
one another. Between these spaces other smaller 
balls may be placed; and these smaller balls, hav- 
ing spaces between them, will admit others still 
smaller ; as may be seen in Fig. 1 . 

24. What terms are nsed in Philosophy to express the state in whieh mattsr 
exists f 25. What is meant tiy Impenetrability f 26. Does impenetrability 
belong to fluids ? Why do fluifts appear less linpenetrRi>le than solid bodies f 
What examples ture ghen in IlIiiRtraiion Ist and 2d to proTe the impeneirabilitj 
of fluids ? What is supposed to be the form of the particles of fluids f What 
Ibllows firom this i What figure illustrates this t 
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made at Florence, many years ago. A hollow globe of gold wai 
filled with water, and submitted to great pressure. The water was 
aeen to exude through the pores of the gold, and covered it with a 
fine dew. [See note under JVb. 196.] 

30. When an open phial, not inverted, is plunged into a basin of 
water, the air will rush out in bubbles, to make room for the water; 
and if an inverted tumbler or goblet be immersed in water, the 
water will not rise far in the tumbler unless it be inclined so that the 
air can escape. These are further proofs of the impenetrability of 
air. « 

31. When a nail is driven into wood, or any other substance, it 
forces the particles asunder, and makes its way between them ; bat 
not a single atom of the wood can remain in the same space that 
the nail occupies; and if the wood is not increased in size by the 
addition of the nail, it is because wood is a porous substance, 
like sponge, the particles of which may be compressed or squeezed 
more closely together. It is thus they make way for the nail. 

32. By Extension, is meant length, breadth, and 
depth. Bulk and size are but different names for ex* 
tension. It is evident that every body, or portion of 
matter, must have size, bulk, or extension, which is 
measured by the portion of space which it occupies. 

33. The different terms which are used to express the extension 
of a body are length, breadth, width, height, depth, and thickness. 

34. Length is the extent from end to end. Breadth or width is 
the extent from side to side. Height, depth, or thickness, is the 
extent from the top to the bottom. 

35. The measure of a' body from the bottom to the top is called 
heiffht 'j from the top to the bottom is called depth. Thus we speak 
of Uie depth of a well, the height of a house, &>c. 

36. By Figure, is meant the form or shape of a body. 
Two circles or two balls may be of the same shape or 
figure, while they differ in extension. The limits of 
extension constitute figure. 

37. By Divisibility is meant susceptibility of being 

divided. 

A body, however small, can be divided into halves, quarters, &«.;- 
and these halves and quarters may be again divided in the same 
manner, although they may be too small to be visible to our eyes. 
There are somelivinff creatures, called animalcule, so small that we 
cannot see them. To them a grain of isand appears as large as a 
mountain does to us. Our power of dividing matter ends where 
theirs begins; and it follows that this divisibility of matter is limited 

29. What example can you give to prove the impenetrability of water f 
90. What the air f SI. What solids f 32. What is meant by Extension f 
SS. What terms are used to express the extension of a body f 34. What is length f 
Breadth i Height, depth, and thiclcness i What is the dllTbrenee between 
height and depth ? 86, What is meant by Figure i 87. What is meant by 
INviaibiUty .' 
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ODly by the extent of our poweni. If, therefore, by meaiu of eaU 
ting, pounding, ff rinding, &c., we divide a body into as small partis 
ctes as we can, these particles wilt still have an upper and an under 
surface, with length, breadth, and thickness, all of which will still 
be visible to such creatures as have sufficient powers of vmoB. 
From which it appears that matter is indefinitely divisible^ 

38. The extreme divisibility of matter may be shown in a num- 
ber of ways. First, Bj dissolvinj^ a solid body in a liquid. When, 
for instance, we sweeten a cup of tea or coffee, a small portion <» 
sugar is dissolved and diffused threugh the whole of the liquid. 

3D. Suondlui From the manner in which we smell odoriferous 
substances. The perfume or odor of a body is produced by the 
escape of very minute particles which enter the nostrils. This per- 
fume is diffused through the whole extent of a large room, without 
the loss of the smallest visible part of tlie substance. 

40. Thirdly. A few drops of a colored liquid falling into a Tessel 
of water, immediately tin^e the whole of the water with the color, 
and must therefore be diffused throughout it. 

41. Fomthly. A lighted candle, placed upon a hill, diffuses parti- 
cles of light through the space of a mile in extent, before it has lost 
any visible portion of its substance. 

42. Fifthly. It has been calculated that sixteen ounces of gold, 
which, in the form of a cube, would not measure an inch and a 
quarter in its side, will completely gild a quantity of silver wire 
twenty-five thousand miles in lengm. 

43. A single grain of gold may be hammered by a gold-beater 
until it will cover fifly square inches ; each square inch may be 
divided into two hundred strips; and each strip into two hundred 
parts, which mav be seen with the naked eye. Each square inch, 
therefore, contams forty thousand visible parts, which, multiplied 
by fifty, the number of square inches which a grain of gold will 
make, gives two million parts, each of which can be seen with the 
naked eye. 

44. The particles which escape from luminous or 

odoriferous objects, although they are too small to be 

Tisible, all form a part of the substance of those objects, 

and a body is in reality diminished by their escape. 

This is evident in liquid bodies ; as, for instance, in a bottle of 
lavender water, which, if lefl unstopped a sufficient length of time, 
will evaporate and disappeair. 

45. By the Indestructibility of matter is meant that 
it cannot be destroyed. It may be indefinitely divided, 
or altered in its form, color, and accidental properties, 
but it must still continue to exist in some form through 
all its changes of external appearance. 

By what is the divisibility of matter limited ? 38. Mention some exam* 
pies to show the extreme divisibility of matter. 44. Areodoriferoas and lum^ 
nous bodies diminished by the particles which escape flrom them f Wh]^ can 
we not see the particles which escape f Give an example to prove that tbs 
bodies are diminished I 45. What is meant by tbs Indeatruetibiiity of matter f 

1* 
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46. The science of chemistry teaches ns that there is a certaim 
definite number of elementary substances, of some one or more of 
which all other substances are composed. The powers of man, or 
of nature, can change the shape, the combination, or the situation, 
of these elementary substances, but nothing short of creative power 
can annihilate any one of them. 

47. lUugtratum 1st. Thus water, for instance, which was for- 
merly considered as a simple substance, is found to consist of two 
substances, imperceptible to the sight, called hydrogen and oxygen, 
united by what is called chemical attraction, l^ese substanceg 
may be separated and made to unite with other substances, but 
they cannot be destroyed. 

48. Illustration 2d. There is actually no more nor less of the 
elements of water existing at the present time than there was at the 
ereation of the world, but they exist only in different forms or situ- 
ations. When water disappears, either by boiling over a fire, or 
evaporating by the heat of the sun, or, in other words, when "ie 
dries up^*' it rises slowly in the form of steam or vapor^ This vapor 
ascends in the air and constitutes clouds; these clouds again fall to 
the earth in the shape of rain, snow, or hail, and form springs, 
fountains, rivers, &c. The water on or in the earth, therefore, n 
constantly changing its shape or situation, but no particle, of it ie 
ever actually destroyed. 

49. Illustration 3d. The particles or simple substances of which 
wood or coal is composed are hot destroyed when the wood or coal 
is burnt. Part of them arise in smoke or vapor, and the remainder 
is reduced to ashes. A body in burning undergoes remarkable 
changes. It is subdivided, its form and color are altered, its exten- 
sion IS increased, but the various parts into which it has been sepa- 
rated by combustion, continue in existence, and retain all the essen- 
tial properties of bodies. 

60. Illvstration 4th. Every thing in nature decays and is corrupt- 
ed in the lapse of time. We ourselves die, and our bodies moulder 
in the dust ; but not a single atom of them is lost- They serve to 
nourish the earth, whence, while living, they drew their support, 
and by degrees become incorporated with other substances. 

61. By Inertia, is meant the resistance which inactive 
matter makes to a change of state, whether of motion or 
rest. A body at rest cannot put itself in motion, nor 
can a body in motion stop itself. 

52. A body, when put in motion, will continue to move for ever, 
unless it be stopped. When a slone or ball is thrown from the 
hand, there are two forces which continually operate to stop it; 
namely, the resistunce of the air, and gravitation : all motion 

46. What does cliomistry teach with regard to the compoaitioii of bodies ? Can 
any particle of matter be annihilHted f Of what is water composeil .' Is there 
more or less water exi»ting now than there was at the creation of the world i 
What becomes of water when it evapornies.' What becomes of the particles 
or simple substances of different Itinds of fuel when burnt ? What becomes of 
every thing in nature i 51. What is meant by Inertia ? £2. How long will a 
body in motion conlinae to move, unless it be stopped f 
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which is caused hy animal or mechanical power, will be destroyed 
by the combined action of these forces. But could those obstacles 
be removed, the body in motion would continue to move for ever. 

&3. The Inertia, or resistance of a body to a cJiange of state, as, 
&r instance, a ball, may be perceived by throwing it from tiie hand. 
It requires a consideiable degree of strength to give it a rapid mo- 
tion ; and the person who stops or catches it, feels the resistance it 
makes to being stopped. 

54. Attraction expresses the tendency which different 
bodies or portions of matter have, to approach each 
other. Every portion of matter is attracted by every 
other portion of matter, and thiis attraction is the 
strongest in the largest portions. 

55. As the earth is the largest portion of matter with 
which we are pr<iciically acquainted, every thing on or 
near its surface, when unsupported, will obey its supe- 
rior attraction. For this reason every thing about us 
will fall to the ground or the surface of the earth, unless 
it be prevented. 

56. The attraction of all masses of matter is in a 
direct proportion to their quaotity, and in inverse pro- 
portion to the square of their distances from each 
other. That is, the greater the quantity and the less 
the distance, the stronger will be the attraction. 

57. There are two kinds of attraction belonging to all 
matter, namely, the attraction of gravitation, or grav- 
ity, and the attraction of cohesion, or cohesivb at- 
traction. 

58. The attraction of gravitation, or gravity, is that 
which causes bodies at a distance to approach each 
other. 

59. The attraction of cohesion, or cohesive attrac- 
tion, is that which unites the particles ot a body. 

60. By the attraction of gravity, a stonf> falls to the ground. By 
the attraction of coheiion, the particles which compose the stone 
are held together. 

' When a stone or ball {« thrown ft>om the hand, how many fbreea continually 
operate to stop it f What are they i What destroys the motion caused by 
animal or mechanical power ? How could a body in motion be maile to move 
.forever? 53. What example is given to nhow the inertia of a body? 
54. What is Attraction ? Where is attraction the stnmirest p 56. Why does 
a body fkll when unsupported f 56. In what prsporiion does attraction 
Increitse? 57. flow many Icinds of attraction are itoere belonging to all 
matter i What are they f 58. What is the attraction c^ ^rravitation, or grav- 
ity f 59. What is the attraction of cohesion, or cohesive attraction ? 80. 
What causes a stone to fall to the ground i By what are tlie particles whidi 
compose the stone held together t 
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61. The difFerence between the two kinds of attraction is this : 
the attraction of cohesion takes place in very minute particles, and 
at very small distances ; the attraction of gravity acts on all bodies 
and at all distances. The attraction of cohesion takes place be- 
tween the particles of the same body. The attraction of gravitation 
causes different bodies to approach each other. 

62. The attraction of gravitation causes weight. 

When we say that a body weighs an ounce, a pound, or a hun- 
dred pounds, we express, by these terms, the degree of attraction 
by which it is drawn towards the earth. As this attraction, (as was 
stated in number 56,) depends upon the quantity or portion of mat- 
ter there is in a body, it follows that those bodies which are heav- 
iest, that is, which are most strongly attracted , contain the most 
matter. 

63. We estimate the quantity of matter in a body, not by its ap- 
parent size, but by its weight. We term some bodies, as cork, 
feathers, «&c., light; others, as lead, gold, mercury, &.c., are called 
heavy. The reason of this is, tliat the particles which compose the 
former are not closely packed together, and therefore they occupy 
considerable space ; while in the latter they are joined more closely 
together, and occupy but little room. A pound of cork and a 
pound of lead, therefore, will differ very much in apparent size, 
while they are both equally attracted by gravity, that is, they weigh 
the same. 

64. The particles of which bodies are composed touch one an- 
other in few pliices only. There are, consequently, small spaces 
between the particles, and these spaces are called pores. The po- 
rosity of a body implies, therefore, that it has pores ; and the greater 
th^ number, and the larger the size o£ iheae poreSy the more porous 
the body is said to be. 

G5, The porosity of bodies leads to another distinc- 
tion, called density, and rarity. By density is meant 
the closeness and compactness of the particles of a body. 
Rarity is the contrary of density, and implies the thin- 
ness or subtlety of bodies. A body in which the pores 
are small and few in number is called a dense bpdy. 
When the pores are large and numerous, the body is 
said to be rare. 

66. Dense bodies are always heavier than rare bodies of the same 
uze, because there is a greater number of particles in the same 

61. What is the difference between the«ie attracciona f 62. What is weight f 
When we say a body weighs an ounce, or a pound, what do we express by thto 
term? Upon what does attraction depend f What follows from this f 63^ 
How do we eKtiiiiRte the quantity of matter in a body ? What bodies are 
light ? What heavy f flow do you account for this difTereoce ? 64. What 
are pores ? What does the porosity of a body imply? Upon what does the 
poroatiy depend ? 65. What is meant by Density ? Rarity ? When is a body 
called dense ? When rare ? 66. How do dense and rare bodie* of the same" 
sise compare, with regard to their weight f Why f 
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■ptee, and consequently the body is more stronffly attracted. [Sis 
Jto. 63 J 

67. The strength of cobesiye attraction in bodies depends, in « 
mat measure, upon their density. This is particularly the case in 
fluids. The thinner aud lighter a fluid is, the less is its cohesiTe 
attraction. 

The cohesiye attraction of solid bodies is much greater than that 
of fluids. 

68. The pores of substances are generally filled with air. 

69. Heat pervades all bodies, insmuAting itself, more or less, be- 
tween their particles, and ftircing them asunder. Heat, and the 
attraction of cohesion constantly act in opposition to each other ; 
and the more a body u heated, the more its particles will be sepa- 
rated. 

/ 70. The effect of heat in separating the particles of different 
kinds of substances is seeii in the melting of solids, such as metals, 
wax, butter, 6lq.. The heat insinuates itself between the particles, 
and forces them asunder. These particles then are removed from 
that degree of nearness or proximity to each other within which 
cohesive attraction exists, and thie body is reduced to a fluid form. 
When the heat is removed the bodies return to their former solid 
state. 

71. Of all the efiects of heat, that produced upon water, is, per- 
haps, the most remarkable. The particles are totally separated and 
converted into steam or vapor, and their extension is wonderfully 
increased. 

72. The steam which arises from boiling water is nothing more 
than portions of the water heated. The heat insinuates itself be- 
tween the particles uf the water, and forces them asunder. When 
deprived or the heat, the particles will unite together in the form of 
drops pf water. This fact can be seen by holdmg a cold plate over 
boiling water. The steam rising from the water will be condensed 
into drops on the bottom of the plate. 

73. The air which we bienthe generally contains a considerable 
portion of moisture. On a cold day, this moisture condenses on the 
glass in the windows and becomes visible. We see it also, collect- 
ed into drops on the outside of a tumbler or other vessel coutaiuing 
cold water in warm weather. 

74. Heat also produces most remarkable efiects upon air, causing 
it to expand to a wonderful extent, while the absence of heat causes 
it to shrink or contract into very small dimensions. 

75. The attraction of cohesion causes the small watery particles 
which compose mist or vapor to unite together in the form of drops 
of water. It is thus that rain is produced. The clouds consist of 

67. Upon what does cohesive attraction in a great measure depend ? In what 
b thiH particularly the cane ? Upon what doea the cnhe«ive attraction of fluids 
depend ? In which \» cohesive attraction the stninirer, in solids or fluids f 
68. With what are the pores of all substances geiierHlly filled .' 69. What 
effect has heat upon bodies i What two forces continually act in opp<K 
■ilion to each other f 70. In what can the eflTect cf heal be seen f How does 
it seiNirate the particles ? What wonld be the effect were the bent removed f 
'71» Upon whHt has beat the most remarkable efl'ect? How docs it efltol U } 
74. What eflflect has heat upon air f 76. How Is rala produced f 
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mist or vapor expanded by heat. They rise to the cold regions of 
the skies, where they lose their heat; and then, uniting in drops, 
fill] to the earth. But so long as they retain their heat, the attrac- 
tion of cohesion can have no influence upon them, and they will 
continue to exist in the form of steam, i^apor, or mist. 

76. By the Compressibility of bodies is meant that 
they can be compressed into smaller limits of extension 
than they naturally have. Of this all substances are 
susceptible if a sufficient force be applied. 

77. By the Expansibility of bodies is meant the pow- 
er of being increased in extension, and it is the reverse 
of Compressibility. Heat expands most substances, 
and cold contracts or cdmpresses them. 

78. By Mobility is meant the power of being moved. 
All bodies, however large or heavy, may be moved, pro- 
vided a sufficient force be applied. 

79. Elasticity is the property which causes a body to 
resume its shape afler being compressed or expanded. 

Thus when a,bow or a cane is bent, it returns to its former shape 
as soon as the pressure is removed. When the flesh of a living 
animal is pressea, it in like manner resumes its shape on removing 
the pressure. Caoutchouc, or India rubber likewise, on account of 
its elasticity, when bent or dra^wn out, will immediately return to 
its shape. But of all bodies, those in the form of ffas, or air, are the 
most remarkable for this property. Hard bodies* are in the next 

* When two ivory or metallic balls strike each other, the parts at which they 
touch will be flattened, but no mark is perceptible, their elasticity instantly de- 
stroying all trace of it. If, however, a small spot of ink be placed on one of the 
balls at the point of contact, it will I>e found, after the contact, to have spread, 
and will thus show that there has been compression. The cause of elasticity to 
not well underatood. Elasticity implies susceptibility of comjiression; and the 
susceptibility of compression depends upon the pnrosif y of bodies ; for were there 
no pores, or spaces iJetween the particles of matter, of which a body is compo- 
sed, it could not be compressed. But it is not the case that bodies whose par- 
ticles are most distant from each other are the most elastic. Elasticity implies 
not only susceptibility of compression, but the power of restoring its former 
state after compression. The pores of such bodies as ivory and metals, are in- 
visible to the naked eye; but it is well ascertained that gold, 'see No. 29.) one 
of the most dense of all bodies, is extremely porons, and that its pores are suftW 
eiently large to admit water, under ^reat pressure, to pass through them. In 
cork, sponge, and bread, the pores form considerable cavities ; in wood, and 
many kinds of stone, when not polished, they are perceptible to the naked eye; 
whilst in ivory, metals, and most varnished and polished bodies they cannot be 
discerned. To give an idea of the extreme porosity of bodies, Sir Isaac New- 
ton conjectured, that if the earth were so compressed as to be absolutely with- 
out pores, its dimensions might not be more than a cub|c inch. The elasticity 
of ivory is very perfect, that is to say, it restores itself afler compression, with 
a force very nearly equal to that exerted In compressing it. Liquids, such as 
water, &c. have scarcely any elasticity. 

Of what do the clouds consist f 76. What is meant by the Compressibility of 
bodies ? Can all bodies be compressed ? 77. What is Expansibility ! What 
efTect has heat and cold upon bodies ? 78. What to Mobility f 79. What Is 
Elasticity f 
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degree elastic. Soft bodies, sach as clay, wax, tallow, butter, dbo. 
bsTe very little elsBticity, and are called noa-elastic bodies. 

80. Malleability impfies capability of being drawn under ^the 
hammer, or rollincr-press. This property belongs to some of the 
metals, as gold,ailver, iron, copper, du; , but not to all ; and it is of 
vast importance to the arts and Gonv«Aiences of life. Gold is the 
most malleable of all metals. 

81. Brittleness is the property which renders substances easily 
broken, or separated into irregular fragments. This property b^ 
longs chiefly to hard bodies. 

£@. Iron, steel, brass, and copper become brittle when heated and 
suddenly cooled ; but if cooled sjo^ly, they are not easily broken. 
Brittleness is not entirely opposed to elasticity ; for some bodies^ 
glass, for instance, are very brittle, and yet a ball, or fine threads 
of this substance, are highly elastic. 

83. Brittleness is the opposite of malleability. 

84. Ductility is that property which renders a substance suscepti- 
ble of being drawn into wire. Platina is the most ductile of all 
metals. It can be drawn into wire scarcely larger than a spider's 
web. 

85. Tenacity implies a great degree of adhesion among the parti- 
cles of bodies. Iron, on account of its fibrous structure, is very te- 
nacious. 



SECTION III. 
Of Gravity or Weight, or the Jitiraction of GrapUaiion. 

86. An matter is attractive, from the smallest particle 
to the largest mass ; and bodies attract each other with 
a force proportionate to their density, that is, the quan- 
titj of matter they contain. 

87. The earth being the largest mass of matter with 
which we are practically acquainted, attracts (according 
to the principles stated in numbers 54, 55 and 56) every 
thing on or near its surface to itself. This attraction is 
called the attraction of gravitation. 

Give some examples of elnaticity. What bodies sre most elastic f Which 
are the more elnstic, hard or 8ofl bodiea? Note. What effect is produced 
when two ivory balls strike each other ? What is the cause of elasticity f 
Could a body without pores be coinpre«i«ed? Are those bodies most elastic 
whose particles are most distant i What does elasticity imply f How 
has it been proved that gold is porous f [See No. 29.) What is said of the 
pores of cork, sponge, wood, stone, ivory, metab, &c. f What did Newton 
conjecture with regard to th(< pores of the earth ? Which has the most elas- 
ticity, ivory or liquids ? 86. Is all matter attractive? In what proportion do 
bodies attract each other i 87. What is said of the attraction of the earth, 
snd what is the attraction called ? 
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88. The force of gravity is greatest at the surface of 
the earth, and decreases both upwards and downwards, 
but in different degrees. 

89. The force of gravity decreases above the surface 
as the square of the distance from the centre increases. 
From the centre to the surface it decreases, simply as 
the distance increases. That is, gravity at the surface 
of the earth, which is about 4000 miles from the centre, 
is four times more powerful than it would be at 'double 
that distance, or 8000 miles from the centre. 

90. According to the principles just stated, a body which at the 
surface of the earth weighs a pound, at the centre of the earth will 
weigh nothing. 

1000 miles from the centre it will weigh one quarter of a pound. 
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one ninth, &c. 



91. It follows from what has been stated, with regard to weight 
as a consequence of attraction, that if there were but one body in 
the universe, it would have no weight, because there would be no- 
thing to attract it. But cohesive attraction would still exist, and 
keep the particles which compose the body^ united. 

92. As the attraction between all bodies is mutual, it follows that 
when a stone or any heavy body falls to the earth, the earth will 
rise to meet it. But as the attraction is in proportion to the quan- 
tity of matter each contains, the stone will fall as much farther than 
the earth rises, as the earth exceeds the stone in mass. JNow the 
earth is one quatrillion, that is, one thousand million millions times 
larger than the largest body which has ever been known to fall 
through our atmosphere. Supposing, then, that such a body 
should fall through a distance of 1000 feet — the earth would rise 
no more than the hundred billionth part of an inch, a distance alto^ 
gether imperceptible to our senses. 

93. The principle of mutual attraction is not confined to the 
earth. It extends to the sun, the planets, comets, and stars. The 
earth attracts each of them, and each of them attracts the earth, and 
Uiese mutual attractions are so nicely balanced by the power of 
God, as to cause the regular motions of all the heavenly bodies, the 
diveisity of the seasons, the succession of day and night, summer 
and winter, and all the grand operations which are described in as- 
tronomy. 

88. Where is the force of gravity greatest ? 89. In what proportion does 
gravity decrease above the surface of the earth f 90. Give an example to show 
this. 91. If there were but one body in the universe, what would be its 
weight .' Why f Would cohesive attraction exist ? 92. Is the altraciion be- 
tween bodies mutual * What folIow:i from this * Why do we not see the 
earth rise to meet falling bodies f What example is given to illustrate Uils f 
93. What is said of the extent of the oower of mutual attraction? 
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94. The direction in which falling bodies approach the siirface of 
the earth, is called a vertical, or plumb line. Such Fig. 2. . 
linefl are everywhere perpendicular to the surface, 
and when prolonged will meet nearly at the centre 
of the earth. For this reason no two lines sus- 

fmded by weights, will be parallel to each other, 
ven a pair of scales hanging perpendicular to 
the earth, are not exactly parallel, because they 
both point to the same spot, namely, the centre of 
the earth — but the convergency is so small, that 
their inclination is not perceptible to our senses. 
{See Fig. 2.] For the same reason no two bodies can fall to the 
earth in parallel lines. 

95. According to the laws of attraction, all bodies at 
an equal distance from the earth will fall to it in the 
same space of time, if nothing impede them. But bodies 
of difierent density fall with different degrees of velo- 
city, on account of the resistance of the air ; and as 
dense, heavy bodies, by their greater momentum {See 
JVb. 133) overcome this resistance more easily than 
rarer or lighter ones, the former will fall with the greater 
velocity. 

96. The resistance which the air opposes to the fall 
of bodies, is proportioned to their surface, not to their 
weight. 

97. Heavy bodi^ can be made to float in the air, instead of falling 
immediately to the ground, by making the extent of their surface 
counterbalance their weight. Thus gold, which is one of the 
heaviest of all substances, when spreaa out into thin leaf, is not at- 
tracted by gravity with sufficient force tq overcome the resistance 
of the air; it therefore floats in the air, or I'alls slowly. 

98. All substances of whatever nature are influenced 
by gravity, in exact proportion to their density.* 

Even air itself, light as it seems, is subject to this attraction. The 
airt probably extends to a height of more than forty-five miles above 

* This law must be regarded in connexion with that stated in Number 89. 

t We have no means of ascertaining the exact height to which the air ex> 
tends. Sir John Herschel says, ** Laying out of consideration ail nic6 questions 
as to the probable existence of a definite limit to the atmosphere, beyond which 

94. What is a vertical or plumb line ? How are these lines situated with 
regard to the earth's surface ? Where will these lines meet, if prolonged ? 
Why are not two lines suspended by wei^ts parallel ? Are not a pair of 
scales, hangine perpendicular to the earth, parallel ? Why ? Why do they ap- 
pear parallel T Can any two bodies fall to the earth in parallel lines ? 95. 
What is the reason that all bodies, at equal distances (torn the earth, do not foil 
in the same space of time ? What bodies fall with the greatest velocity i 
96. To what is the resistance of the air, in falling bodies, proportioned i 97. 
How can heavy bodies be made to float in the air ^ Give an example to illna- 
trate this. 98. In what proportion are all snbstaaces influenced by gravity f 

"2, 
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the surface of the earth. The pressure of the upper parts of the 
atmosphere on those beneath, renders the air near the surface of the 
earth much more dense than that in the upper regions. This pies- 
sure is caused by the attraction of the earth, or, what is the same 
thinff, the weight of the air above ; and it would cause the air to 
fall Tike other bodies completely to the earth ; were it not for the 
elasticity [See Jfo. 79,] of that portion' which is near the surface. 

99. The air therefore of which the atmosphere is composed, ex- 
ists in a state of constant compression, and is heavier near the sur- 
face of the earth, and grows lighter as we ascend. Gravity brings 
the particles together, while elasticity gives them a constant ten- 
dency to expand. Gravity thus conBnes the air to tlie region of 
the earth, while elasticity prevents it from falling like other bodies 
to the ground. 

100. The specific gravity of bodies is a term used to 

express the relative weight of equal quantities of differ* 

ent bodies. 

We know that a piece of lead will weigh more than a piece of 
wood of the same size. A piece of wood will weigh more than a 
piece of cork of the same dimensions, and cork will weigh more 
than a portion of air, smoke, or vapor of the same extension. Hence 
we say that the specific gravity of cork is greater than that of air, 
the specific gravity of wood is greater than that of cork, and the 
specific gravity of lead greater than that of wood, &c. 

101. From what has now been said with respect to the attraction 
of gravitation and the specific gravity of bodies, it appears that 
although the earth attracts all substances, yet this very attraction 
causes some bodies to rise and others to fall. 

102. Those bodies or substances, the specific gravity of which is 
greater than that of air, will fall, and those whose specific gravity is 
less than that of air will rise ; or rather, the air being more strongly 
attracted will get beneath them, and, thus displacing them, will 
cause them to rise. For t}ie same reason, cork and other light sub- 
stances will not sink in water, because the specific gravity of water 
heing greater, the water is more strongly attracted and will be 

there fs absolutely and rigorously- speaking no air, it is clear, that for all practi- 
cal purposes we may speak of those regions which are more distant above the 
earth's surfhce than the hundredth part of its diameter as void of air, and of 
course, of clouds (which are nothing but visible vapors, diffused and floating 
in the air, sustained by it, and rendering it turbid, as mud does water). It 
seems probable ttom many indications, that the greatest height at which visible 
clouds ever exist, does not exceed ten miles ; at which height the density of 
the air is about an eighth part of what it ia at the level of the sea. 



Is air affected by it ? How fhr does the air extend above the surfhce of the 
earth f What causes the air to be more dense at the surface of the earth ? 
What causes this pressure f Why does not the air foil to the «arth like other 
bodies? 99. Where is the air heaviest ? What effect have gravity and elasti- 
city upon the air ? 100. What is specific gravity f Illustrate this. 101. Does 
the attraction of the earth cause all bodies to fall f 102. Wbat bodies will (all f 
What rise ? How does the air cause them to rise f Why do not cork and other 
light bodies sink in water t 
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drawn down beneath them. [For a table of the specific gravity of 
lodiesj see Hydrostatics.} 

1U3. The principle which causes balloons to rise, is the same 
which occasions the ascent of smoke, steam, &<c. The materials of 
which a balloon is made, are heavier tiian air, but their extension 
is greatly increased, and they are filled with an elastic fluid of a 
different nature, speciiica]Iy lighter than air, so that on the whole 
the balloon when thus filled is much lifirhter than a portion of air of 
the same size or dimensions, and it will consequently rise. 

104. Gravity, therefore, causes bodies which are lighter than air 
to ascend, those which are of equal weight with air to remain sta- 
tionary, and those which arc heavier than air to descend ; but (he 
rapidity of their descent is affected by the resistance of the air; 
which resistance is proportioned to the extent of the surface of the 
falling body. 

105. From what is stated in number 95, it appears that as a dense 
body, such for instance as a piece of metal or money, is more strongs 
ly attracted by the earth than a rarer (that is to say, a lighter) one, 
its momentum will enable it to overcome the resistance of tiie air 
more readily, and that it will consequently fall to the ground more 
quickly than a lighter one. But if the resistance of the air could be 
removed, they would both fall in precisely the same time. [This 
wiU be illustrated by experiments in connexion with Pneumatics.'} 

106. It haB been stated {See No. 88) that the force of gravity is 
the greatest at the surface of the earth, and decreases both upwards 
and downwards, but in different degrees. But the diminution of its 
force at so small a distance as that to which the atmosphere extends 
is so inconsiderable, compared with the size of the earth, as to be 
scarcely perceptible. • 

107. The greatest height ever attained by man in balloons, or on 
the summit of the highest mountains, scarcely exceeds a thousandth 
part of the distance from the centre to the surface of the earth. 
Although, therefore, it is true that the air near the surface of the 
earth i^more strongly attncted than that in the upper regions of 
the atmosphere, yet the diff*erence is so exceedingly small, that it is 
imperceptible. But the weight of the upper air resting upon the 
lower ijis is stated in J\'o. 98,) compresses it into smaller volume, 
and thereby increases its density. This increase of its density causes 
a corresponding increase of its specific gravity. [Siee No. 100.] 

lt)B. i'he pressure of the atmosphere has been compared to that 
of a pile of fleeces of wool, in which the lower fleeces are pressed 
together by the weight of those above. The uppermost fleece, re- 
ceiving no external pressure, is confined merely by the force of its 
own gravity. 

^ ■ ■ - ■ ■■ ■■ ■ ^ I ■ ■ ■ ■ ■ ■ ■ I ■ ^ ■■ . . ■ ■ ■ ■ ■» ■ I ■■■■■■ II ■!■■■ ■ —■■■■ ■ ,1 ., M, M 

103. Explain the principle upon whirJi balloons rise f 104. What eflect 
has gravity on bo<lie« lighter than the air i What effect on bodies of equal 
weight i WhHt eflect on ihose that are heavier i What aflects the rapidity 
of their descent ^ To what is the resistance of the air proportioned i 106. 
Which is more strongly attracted by the earth, a dense or a rare body? 
What follows from this i How can they be made to fall in the sams 
time f 106. Where is gravity the greatest ? Why is not the diminution of it, 
as we go from the surface of the earth, very apparent f 107. What is the greatest 
beight in the air ever attained by man.' 108. To what has the pressure of the 
atmosphere been compared i 
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109. Smoke consists of minute particles of fuel carried up by a 
current of heated air from the fire below. As heat expands all 
bodies [See Jio. 69 J it consequently rarefies (that is, expands) air, 
and renders it lighter than the colder air of the atmosphere. The 
heated air from the fire carries up with it vapor and small particles 
of the combustible materials which are burning in the fire. When 
this current of hot air is cooled by mixing with the atmosphere, the 
minute particles of coal or other combuRtibles fall, and it is this 
which produces the small black flakes which frequently render the 
air, and every thin^ in contact with it so dirty. This is particularly 
the case in large cities, where bituminous coal is used for fuel. 

110. From what has now been stated, it appears that gravitation 
is the force which occasions the fall of bodies ; cohesion, that which 
binds the particles of bodies together ; and heat, a force which drives 
them asunder. These three powers may be comprehended under 
two names. Attraction and Repulsion. 



SECTION IV. 

Mechanics, or the Laws of Motion, 

111. Mechanics is that branch of Natural Philosophy 
which relates to motion, and the moving powers ; their 
nature and laws, with their effects in machines, &.c. 

112. A body is in motion whenever it is changing its 
situation with regard to a fixed point. Motion therefore 
is a continued change of place. 

113. On account of. the inertia [^See JVb. 51,} of all 
matter, a body cannot put itself in motion, nor when it 
is in motion can it stop itself. 

114. The power which puts a body into motion is 
called a force, — and the power which has a tendency 
to stop or impede motion is called resistarKe, 

Thus the stroke of a hammer is the force which drives a nail ; 
the pulling of the horse is the force which draws the carriage. 
Force, then, is the cause which produces motion. [See J>{b. 112.] 

115. The motion of a body impelled by a single force 

109. Of what does smoke consist ? What effect has heat upoii bodies ? What 
follows flrom this ? What produces the small black flakes which frequently 
float in the air f 110. What is graviiatiou f Cohesion f Heat .' Under 
what names may these powers be comprehended ? 111. What is Mechanics.^ 
112. What is motion f 113. Why cannot a body put itself in motion f Why 
cannot a body stop itself when in motion t 114. What is force * Wtiat is re- 
sistance i What illustrations are given f 115. When is the motion of a body 
in a straight line f In what direction will it move i 
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IB always in a straight line, and in the sftme direction in 
which the force acts. 

116. The rapidity with which a body moves is called 
its velocity. 

117. The velocity of a moving body is always pro- 
portional to the force by which it is put in motion ; and 
what is gained in power is lost in time. 

118. The velocity of a moving body is determined by 
the time that it occupies in passing through a given 
space. The greater the space, and the shorter the time, 
the greater is the velocity. 

Thus, if one body go through six miles in an hour, and another 
tiirough twelve miles in the same time, the velocity of the latter ii 
double that of the former. 

. 119. Velocity is sometimes called absolute, and some- 
times relative. Velocity is called absolute when the 
motion of a body in space is considered without refer- 
ence to that of other bodies. 

When, for instance, a horse goes a hundred miles in ten honn, 
his absolute velocity is ten miles an hour. 

120. Velocity is called relative when it is compared 
with that of another body. 

Thus, if one horse travel only fifly miles in ten hours, and an* 
other one hundred, in the same time, the absolute velocity of the 
first horse is five miles an hour, and that of the latter is ten milee; 
but their relative velocity is five miles. 

121. The velocity of a body is measured by the space 
over which it moves, divided by the time which it em- 
ploys in the motion. 

Thus, if a body move one hundred miles in twenty hours, the 
velocity is one hundred divided by twenty, that is, five miles an 
hour. 

122. The time employed by a body in motion may be 

ascertained by dividing the space by the velocity. 

Thus; if the space be one hundred miles, and the velocity five 
miles in an hour, the time will be one hundred divided by five, 
which is twenty hours. 

116. What M meant by Telocity f 117. To what ia the veloeitj of A moving 
body proportional i 118. How ia the velocity of a moving body determined t 
If one body go through nix miles in an hoinr, and another tweIve,'bow doea th« 
velocity of the latter compare with that of the former? 119. Wliai fa meant by 
abaolatjB velocity f Give an example. 120. When ia the velocity of a body 
termed rehitive f Give an example. 121. Bow la the velocity of a body neas- 
m«d ? IllnBtrate this. 123. How do yon ascertain tlie tiow eiiployed by a 
body In notion ? Illnatrale this. 

2* 
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123. The space also mf\y be ascertained by multiply- 
ing the velocity by the time. 

Thus if the velocity be five miles an hour, and the time twenty 
houra, the space will be twenty multiplied by five, which is one 
hundred miles. 

124. There are three terms applied to motion to ex- 
press its kind ; namely, uniform, accelerated, and re- 
tarded motion. 

125. Uniform motion is that of a body passing over 
equal spaces in equal times. 

126. Accelerated motion is that in which the velocity 
continually increases as the body moves. 

127. Retarded motion is that in which the velocity 
decreases as the body moves. 

128. Uniform motion is produced by a force having 
acted on a body, and then ceasing to act. 

A ball struck by a bat. or a stone thrown from the hand, is in 
theory an instance of uniform motion ; and if both the attraction of 
gravity and the resistance of the air could be entirely removed, it 
would proceed onwards in a straight line, and with a uniform mo- 
tion for ever. But as gravity and the resistance of the air tend to 
deflect it, it in fact becomes an instance of accelerated or retarded 
motion. 

129. Accele/^ted motion is produced by the continued 
action of one or nore forces. > 

Thus, when a stone falls from a height, the impulse which it 
receives from gravity would be sufficient to bring it to the ground, 
with a uniform velocity. But the stone while falling at this rate is 
still acted uoon by gravity with an additional force, which continues 
to impel it auring me whole time of its descent. 

130. It is found that during the first second it falls sixteen feet, 
three times that distance in the next, five times in the third, seven 
times in the fourth, and so on, regularly increasing its velocity ac- 
cording to the number of seconds consumed in falhng. The height 
of a building, or the depth of a well, may thus be measured by nb- 
serving the length of time which a stone takes in faUing from the 
top to the bottom. 

131. Retarded motion is produced when a body in 

■■■-- ■ ... . ■ ■ ... . ^ ^ 

123. How can yoa ascertain the space f Illustrate this. 124. How many 
terms are applied to motion to express its kind ? What are they ? 125. What 
is uniform motion f 126. Accelerated ? 127. Retarded } 128. How is uniform 
motion produced f Why Is not a ball struck by a bat, or a stone thrown from 
the hand, an instance of uniform motion i How can it be made an instance f 
1S9. How is accelerated motion produced i Give an instance of accelerated 
motion. 130. How far does a stone fall the first second of time f The second ^ 
Third f Fourth f How con you measure the height of a building, or the depth 
of a well .» 
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motion encounters a force operating in an opposite di- 
rection. 

Thus when a stone is thrown perpendicularly upwards, the force 
of gravity is continually operating in the opposite direction^ and at- 
tracting it downwards to the earth. The stone moves upwards 
slower and slower, until the upward motion ceases, and the body 
returns with accelerated motion to the earth* It is found that when 
a body is thrown perpendicularly upwards, it takes the same length 
of time in ascending that it takes in descending. 

132. Perpetual motion has never yet been produced by art ; and 
there is reason to think, from the principles of mechanics, that such 
a movement is impossible ; for although in many cases of bodies 
acting upon one another, there is a gain of absolute motion ; yet the 
sain IS always equal in opposite directions, so that the quantity of 
direct motion is never increased, fiut nature abounds with exam- 
ples of perpetual motion, as for instance, the motion of the heavenly 
bodies, described in the science of astronomy. \ 

133. The momeDtum of a body is the force or power 
with which a moving body would strike against another 
body. 

134. The momentum of a body is measured by multi- 
plying its weight by its velocity. * 

135. Illustration. Thus, if a body weighing six pounds move at the 
rate of two miles in a second of time, its momentum may be repre- 
sented by six multiplied by two, which is equal to twelve. If a 
body weighing twelve pounds, move at the rate of four miles in 
the same time, its momentum will be represented by twelve, multi- 
plied by four, which is forty-eight. 

The quicker a body moves, the greater will be the force with 
which it will strike against another body; so that a small, light 
body may have a greater momentum than a large, heavy one, pro- 
vided its velocity be sufficiently great. For instance, the momen- 
tum of an arrow, shot from a bow, is greater than that of a stone 
thrown fiom the hand, if its velocity be greater. 

* The qnantity of motion communicated to a body does not affect the dnra* 
ti(m of the motion. If bat little motion be communicated, the body will move 
■lowly. If a great degree be imparted, it will move rapidly. But in both 
the motion wUI continue until It is destroyed by some external fatce. 



ISl. How is retarded motion produced f Give an example. Bow does the 
time of the ascent of a body thrown perpendicularly upward, compare with 
that of its descent i 132. why cannot perpetual motion be produced f ISS. 
What is the momentum of a body i 134. How can the momentum of a body be 
ascertained f Note. Does the quantity of motion communicated to a body 
affect the duration of the motion f If but little motiou is communicated, how 
will the body move ? If a gi'eat degree f How loi^^ will the motion continue i 
135. How can a light body be made to have a greater momentum than a heavy 
one? Give an instance of thia. 



so 
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Fig.S. 




1S6. By the action of bodies is meant the effect which 

they produce upon other bodies. By reaction is meant 

the effect which they receive from the bodies on which 

they act. 

Thus, when a body in motion strikes against another body, it 
acts upon it, or produces action ; but it also meets with resistance 
from the body which is struck, and this resistance ia the reaction of 
the body. 

137. Action and reaction are always equal, but in 
opposite directions. 

138.' Experiments to show the mntual action and reaction of 
bodies, are made with both elastic and non-elastic 
bodies. [See JVo. 79, and the note connected with it.] 
Fig. 3 represents two ivory balls, A and B, of equal 
weight, &c. suspended by threads. If the ball A be 
drawn a little on one side and then let go, it will 
strike against the other ball B, and drive it off to 
a distance equal to that through which the first ball 
fell; but the motion of A will be stopped, because 
when it strikes B it receives in return a blow equal to that which it 
gave, but in a contrary direction, and its motion is thereby stopped, 
or, rather, given to B. Therefore, when a body strikes against an- 
other, the quantity of motion communicated to the second body is 
lost by the first ; but tMs loss proceeds, not from the blow given by 
the striking body, but from the reaction of the body which it struck. 

139. Fig. 4 represents six ivory balls, of equal weight, suspended 
by threads. If the ball A be drawn out of the perpendicular, and let 
fall against B, it will communicate its motion to B, and receive a 
reaction from it which %vi]l stop its own motion. 
But the ball B cannot move without moving C, it 
will therefore communicate the motion which it 
received from A to C, and receive from C a reac- 
tion which will stop its motion. In like manner the 
motion and reaction are received by each of the 
balls, D, E, F; but as there is no ball beyond F to 
leact upon it, F will fly off. 

N. B. This experiment can be accurately per- 
formed by those bodies only which are perfectly 
elastic. 

140. Fig. 5 represents two bolls of clay, (which are not 
elastic) of equal weight, suspended by strinvg. If the ball 
D be raised and let fall against £, only part of the mo- 
tion of D will be destroyed by it, (because the bodies are 
non*elastic,and the two balls will move on together to 
d and e, which are less distant from the vertical line 
than the ball D was before it fell. Still, however, ac- 
tion and reaction are equal, for the action on E is only enoogh to 
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186. Wbatis meant by action? Reaction.' Illastrate this. 137. How do 
aetioQ and reaoticm compars .' Explain Fig. Sd. Fig. 4ih. Fif . fitb. 
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make it move through a fmaller apace, bat ao much of D*8 motion 

is now also destroyed.* / 

141. It is upon the principle'* of action and reaction, that birds are 
enabled to flj. They strike the air with their wihgs, and the reac- 
tion of the air enables them to rise, fall, or remain stationary at wiU, 
by increasing or diminishing the force of the stroke of their win^.t 

142. It is ukewise upon the same principle of action and reaction, 
that fishes swim, or, rather, make their way through the water, 
namely, by striking the water with their fins4 

143. Boats are also propelled by oars on the same principle, and 
the oars are lifted out of the water, after every stroke, so as com- 
pletely to prevent any reaction in a backward direction. 

144. The word reflected means turned back. Motion, 
therefore, which is turned back is called reflected motion. 

Thus, when a ball is thrown against a hard wall, it rebounds, or 
is turned back. This return of Uie ball is called reflected motion, 
and it is caused by the reaction of the wall against which it struck. 
Reflected motion, therefore, is caused by reaction. 

145. As reflected motion is caused by reaction, and reaction is 
caused by elasticity , it follows that reflected motion is always great- 
est in those bodies which are most elastic. For this reason, a ball 
filled with air, rebounds better than one stuffed with bran or wool, 
because its elasticity is greater. For the same reason, balls made 
of caoutchouc, or India rubber, will rebound more than those which 
are made of most other substances. 

146. The word incident, means falling upon, or di- 
rected towards. Incident motion, theremre, is motion 

* FigB. 3 and 4, as baa been explained on the preceding page, show the eflbct'- 
of action and reaction in elastic bodies, and Fig. 6 shows the same effect in 
non-eladtic bodies. When the elasticity of a body is imperfect, an Intermediate 
effect will be produced ; that is. the ball which is struck will rise higher than 
in case of non-elastic bodies, and less so than in that of perfectly elastic bodies ; 
and the striking ball will be retarded more than in the former case, but not 
stopped completely, as in the latter. They will, therefore, both move onwards 
after the blow, bat nottt^ether, or to the same distance ; but in this, as in the 
preceding cases,, the whole quantity of motion destroyed in the striking ball, 
will be equal to that produced in the ball struck. | 

t The muscular power of birds is much greater in proportion to their weight, 
than that of man. If a man were fUrnished with wings suiUciently large to 
enable him to fly, he would not have sufficient strength, or muscular power, t» 
put them in motion. 

X The power possessed by fishes, of sinking or rising in the water, is greatly 
assisted by a peculiar apparatus furnished them by nature, called an air-bladder, 
by the expansion or contraction of which they rise or flul, on the principle of 
specific gravity. 



141. Upon what principle do birds fiy ? Explain how. 142. Upon what prin- 
ciple do fishes swim i 143. Upon what principle do boats move upon the water ' 
Explain how. 144. What does ihe word reflected mean f What is reflected 
motion ? 145. In what bodies is reflected motion the greatest f Give an in- 
stance to illustrate this. 146. What does the word incident, mean ? What 
is incident motion f What is reflected motion f What ia the ball called that 
Htikem against a wall f When it rebounds f 
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directed towards any particular object. Reflected mo- 
tion is the same motion turned back. 

When a ball strikes against a wall, it is called the incident ball ; 
and when it rebounds from the wall, it is called the reflected ball. 

147. The angle "^ of incidence is the angle formed by 

* As this book may fall into the hands of some who are unacquainted with 
the meaning of angle, perpendicular, the divisions of a circle, dsc. a few explana- 
tions are here subjoined. 

1. An angle is the opening made by two lines which meet together in a point. 
The size of the angle depends upon the opening, and not upon the length of the 
lines. 

2. A circle is a perfectly round figure, every 
part of the outer edge of which is equally distant 
firom a point within, called the centre. [See 
Fiff. 6.] 

3. The straight lines drawn from the centre 
to the circumference are called radii. [The 9tn- 
gular number of this word i8 radius.] Thus, in 
Fig. 6, the lines CD, CO, OR, and CA, are radii. 

4. The lines drawn through the centre, and 
terminating in both ends at the circumference, 
are called diameters. Thus, in the same Figure, 
D A is the diameter of the circle. 

5. The circunifetence of all circles is divided 
into 360 equal parts, called degrees. The diameter of a circle divides it into 
two equal parts of 180 degrees each. 

6. All angles are measured by the number of degrees which they contain. 
Thus in Fi^. 6, the angle RCA as it includes one quarter of the circle, is an 
angle of 90 degrees, which is a quarter of 360. And the angles R C O and O C O 
are angles of 45 degrees. 

7. Angles of 90 degrees are right angles ; angles of less than 90 degrees, acute 
angles, and angles of more than 90 degrees are called obtuse angles. Thus, ia 
Fig. 6, R C A is a right angle, OCR acute, and OCA obtuse angles. 

8. A perpendicular line is a line which makes an angle of 90 degrees on each 
aide of any other line or surface ; therefore, it will incline neither to the one side 
nor to the other. Thus, in Fig. 6, R C is perpendicular to D A. 

0. The tangent of a circle is a line which touches the circumfbrence, without 
cutting it when lengthened at either end. Thus, in Fig. 6, the line T is a tan- 
gent. 

10. A square is a figure having four equal sides, and four equal angles. 
These will always be right angles. [See Fi-ff. 8.] 

11. A parallelogram is a figure whose opposite sides are equal and parallel. 
[See Figs. 9 and 10.] A square is also a parallelogram. 

12. A rectangle is a parallelogram whose angles are right angles. 

13. The diagonal of a square, of a parallelogram, or a rectangle, is a line 
drawn through either of them, and terminating at the opposite angles. Thus, 
in Figs. 8, 9 and 10, the line AC is the diagonal of the square, parallelogram, 
or rectangle. 

1 — • — - - 1 - — - I II 

147. What is the angle of incidence f (Note — 1. What is an angle f Upon 
what does the size of an angle depend f 2. What is a circle f 3. What are 
radii f What lines in Fig. 6 are radii f 4. What are diameters ." In Fig. 6, 
what line is the diameter i 5. How is the circumference of all circles divided ? 
Into how many parts does the diameter of a circle divide it i 6. How are all 
angles measured f Illustrate this by Fig. 6. 7. How many degrees do right 
angles contain f Acute ? Obtuse ? Illustrate these angles by Fig. 6. 8. What 
is a perpendicular line ? What line is perpendicular in Fig. 6 i 9. What is a 
tangent f What line is a tangent in Fig. 6 f 10. What is a square i 11. 
What is a parallelogram .' 12. A rectangle ? IS. What is a diagonal t 
lines are diagonal in Figs. 8, 9, and 10 f ) Explain the angle of incideil 
fifure 7tll. 
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the line which the incident body makes in its passage 
towards any object, and a line per- ^^ '• 

pendicular to the surface of the ob- --^^ | 

ject. ^--^..^ 

Thus, in Fig. 7, the line ABC repre- ^ — — — I^ j^ 
sents a wall, and P B a line perpendicular ^^— -••'"' 

to its surface. O is a ball moving in the di- ^..-''*"'* 

rection of the dotted line, O B. The angle * 
O B P is the angle of incidence. 

148. The angle of reflection, is the angle formed by 
the perpendicular, and the line made by the reflected 
body in its passage, from the surface against which it 
struck. 

Thus, in Figure 7th, the angle P B R is thei angle of reflection. 

149. The angles of incidence and reflection are al- 
ways equal to one another. 

Thus« in Figure 7th, the angle of incidence, O B P and the an- 
gle of reflection P B R are equal to one another ; that is, they con- 
Utin an equal number of degrees. 

150. From what has now been stated with regard to 
the angles of incidence and reflection, it follows, that 
when a ball is thrown perpendicularly against an object, 
it will return in the same direction ; but if it be thrown 
obliquely, it will return obliquely on the opposite side 
of the perpendicular. The more obliquely the ball is 
thrown, the more obliquely it will rebound."^ 



SECTION V. 

Mechanics y or the Laws of Motion, continued* — Compound 

Motion, 

^ 151. Compound motion is that which is caused by the 
operation of two or more forces at the same time. 

* It is from a knowledge of these fhcts that skill is acquired in many different 
•cnrts of games, as Billiards, Bagatelle, &c. 

'^- 1 I - - TT ■ - - — - I Bja ■ |_|_ ^ r 

148. What is the angle of reflection ? Illustrare this by Fig. 7. 149. How 
do the angles of incidence and reflection compare with each other f Illastrat* 
this by Fig. 7. 150. What follows from what has been slated with regard to 
the angles of incidence and reflection, l.'il. What is compound motion i 
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152. When a body is struck by two equal forces in. 
Opposite directions, it will remain at rest. 

153. A body struck by two forces in different direc- 
tions, will move in a line between them. This hne will 
be the diagonal of a parallelogram, having for its side 
the lines through which the body would pass, if actuated 
by each of the forces separately. 

1 154. IllustraHon Ist. Fig. 8 represents a ball struck by the two 
equal forces, X and Y. * In this fiffure, the forces are inclined to 
each other at an angle of 90 degrees, or a right ""'" " 

angle. The force X would send it from C to B, 
and the force ¥ would send it from C to D. As 
it cannot obey both, it will go between them to A, 
and the line C A, through . which it passes, rep* 
resents the diagonal of the square, A B C D. 
The time occupied in its passage from C to A will 
be the same as the force X would require to 
send it to B, and the force Y to send it to D. 



Fig. 8. 




Fig. 9. 




Fig. 10. 



155. Illustration 2d. If the two forces acting 
on a body are unequal, but still operate at right 
angles to each other, the body will move from 
C to A as represented in Fig. 9 ; in which it is 
to be observed that the force Y is as much 
greater than the force X, as the length of the 
side A B of the rectangle A B C D, exceeds 
the length of the side C B. 

156. Illustration 3ei. When two forces op- 
erate in the direction of an acute angle, [See 
Fig. 10,] the body will move, as represented 
by C A in the parallelogram A B C D. 



A B 

Illustration 4th, If the forces operate in the direction of an ob- 
tuse angle, the body will move as represented by D B in the same 
figure. \ 

157. Circular motion, is motion in a circular direc- 
tion, and is caused by two forces operating at the same 
time, by one of which it is projected forward in a 
straight line, while by the other it is deflected towards a 
fixed point. 




152. In wbat direction will a body, struck by two equal forces in opposite 
directions, move f 153. In different directions? Wliat is this' line called ? Illus* 
trate tliese first, by Fig. 8, which represents a ball struck by two equal forces 
in difibrent directions. Second, by Fig. 9, which represents a ball struck by 
two unequal forces, acting at right angles. Third, by Fig. 10, where the forces 
operate in the direction of an acute angle. Fourth, by Fig. 10, where the 
forces operate in the direction of an obtuse angle. 167. What is circalar mo* 
tion f How is it caused f • 
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156. Ilbutraiion. The whirlinsf of a ba1I| fiistened to a sUing 
held by the hand, is an instance of circular motion. The ball is 
actuated by two forces, namely, the force of projection, and the 
string which confines it to the hand. The two forces act at right 
angles to each other, and {according to JVo. 153,) the ball will move 
in the diagonal of a parallelogram. But, as tlie force which con- 
fines it to the hand only keeps it within a certain distance, without 
drawing it nearer to the hand, the motion of the ball will be through 
the diagonals of an infinite number of parallelograms, formed by 
every part of the circle. 

159. The centre of motion is the point around which 
all the parts of a body move. When the body is not 
of a size or shape to allow every point to revolve in the 
same plane, the line around which it revolves is called 
the axis of motion. The centre or axis of motion is not 
always in the middle of a body. 

160. The force which con^nes a body to the centre 
round which it moves, is called the Centripetal* force. 
The force which compels a body to fly off from the 
centre, is called the Centrifugal* force. These are 
called central forces. 

161. If the centrifugal force of a revolving body be 
destroyed, the body will immediately approach the cen- 
tre which attracts it ; but if the centripetal force be 
destroyed, the body will fly off in the direction of a tan- 

f;ent of the circle which it described in its motion. 
See Fig. 6.] 

162. Illuatration. If a mop filled with water be turned swifUy 
round by the handle, the threads which compose the head will fly 
off from the centre; but being confined to it at one end, they can- 
not part from it; whilst the water they contain, being unconfincd, 
if thrown off in straight lines. 

163. The middle point of a body is its centre of mag- 
nitude. 

164. The centre of gravity is the point about which 
all the parts balance each other. 

* Thi) word eentripeteU means seeking the centre, and centrifugal means 
flying IVom the centre. In circular motion, these two forces constantly balance 
each other } otherwise the revolving body will either approach the centre or 
recede from it, according as the centripetal or ceiitridignl force is the stronger. 

158. lilintrate this. 159. What is the centre of motion ? What is the axis of 
motion i 160. What is the centrlpetnl force ? What is the centrifugal force i 
What are the centripetal and -ceiitrifugal forces called } 161. What would 
be the consequence if the centrifugal and centripetal forces were destroyed, 
et did not balance each other? What is the meaning of the words centripetal 
and centriftagal ? 163. What is the centre of mi^nitude? 164. What is the cea- 
tce of gravity f 

3 
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165. The centre of motion is generally sapposed to 
be at rest. 

Thus the axis of a spinninftop is stationary, while every other 
part is in motion around it. The axis of motion and the centre pf 
motion are terms which relate only to circular motion. *' i 

,,166. Those parts of a body which are farthest from 
the centre of motion, move with the greatest velocity ;, 
and the velocity of all the parts diminishes, as their dis- 
tance from the axis of motion diminishes. 

167. Illustration 1st, Fig. 11 represents the vanes of a Wind- 
mill. The circles denote the paths in which the different parts of 
the vanes move. M is the centre or axis of Fig. 11. 
motion around which all the parts revolve. 
The outer part revolves in the circle D E F 
G, another part revolves in the circle H I J 
K, and the inner part in the circle L N O P. 
Consequently, as they all revolve around M 
in the same time, the velocity of the parts 
which revolve in the outer circles D E F G 
and H IJ K is as much greater than the 
velocity of the part which revolves in the 
inner circle, L N O P, as the outer circles 
are larger than the inner ones. 

168. As the earth revolves round its axis, it follows, from the 
preceding illustration, that the portions of the earth which move 
most rapidly are nearest to the equator, and that the nearer any 
portion of the earth is to the poles, tlie slower will be its mbtion. 

169. Motion, either in a circle or ellipsis, or any 
other curve line, must be the result of the action of two 
forces ; for, the impulse of one single force always pro- 
duces motion in a right or straight line. 

170. A ball thrown in a horizontal direction is in^ 
fluenced by three forces ; namely, first, the force of 
projection, (which gives it the horizontal direction;) 
second, the resistance of the air through which it 
passes, which diminishes its velocity, without changing 
its direction ; and third, the force of gravity which 
finally brings it to the ground. 

166. Is the centre of motion supposed to be at rest, or does it move ? To 
what do the terms centre of motion and axis of motion relate? 166. What 
parts of a body move with the greatest velocity f In what proportion does 
the velocity of all the parts diminish f What does Fig. 11 represent f What 
follows with regard to the motion of the earth, from the illustration of 
Fig. 11 ? 169. Of what is motion in a circle or curve line always the 
result ? Why i 170. How many forces act upon a ball thrown in a horizontal 
direction i 
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The force of projection is gnAvLtJiy oveieome by the power of 
gnvityj and the resistance of the air, and the body is brought to 
the ground. 

171. The stronger the projectile force, the farther 

the body will go before it falls. 

For this reason, a shot fired from a cannon will go moeh farther 
than a'stone thrown from the hand * 

172. Illustration. Fig. 12 represents a cannon, loaded with abaU| 
and placed on the top of a tower, at such a height as to require just 
three seconds for another ball to de- pjg. 13. 

scend perpendicularly. Now sup- 
pose the cannon to be fired in a hor- 
izontal direction, and at the same 
instant the other ball to be dropped 
toward the ground. They will both 
reach the horizontal line at the base 
of the tower at the same instant. In 
this figure a represents the perpen- 
dicular line of the falling ball. C & the curvilinear path of the 
projected ball, 3 the horizontal line at the base of the tower. Dar- 
* mg the first second of time, the falling ball reaches 1, the next 
second 2, and at the end of the third second it strilies the ground. 
Meantime, that projected from the cannon, moves forward with 
such velocity, as to reach 4 at the same time that the falling ball 
reaches 1. But the projected ball falls downward exactly as fast as 
the other, since it meets the line 1 4, which is parallel to the hori- 
zon, at the same instant. During the next second the ball from 
the cannon reaches 5, while the other falls to 2, both having de- 
scended through the same space. During the third second the pro- 
jected ball will have spent nearly its whole force, and therefore its 
downward motion will be greater while tlie motion forward will be 
less than before. 

173. From hence it appears that the horizontal motion does not in 
the least interfere with the action or the effect of gravity ; but that 

* The action of gravity being always the same, the shape of the carve of every 
projectile {See No. 39,) depends on the velocity of its motion. Bat, whether 
this velocity be great or small, the moving body, if thrown horizontally flfom 
the same elevation, will reach the ground at the same instant. Thus a ball 
flrom a cannon, with a charge safBcient to throw it half a mile, will reach the 
ground at the same instant of time that it wonld, had the charge been sufficient 
to throw it one, two, or six miles, from the same elevation. The distance to 
which a ball will be projected, will depend entirely on the force with which it 
is thrown, or on the velocity of its motion. If it moves slowly, the distance 
will be short— if more rapidly, the space passed over in the same time will be 
greater ; but in both cases the descent of the ball towards the earth, in the same 
time, will be the same number of feet, whether it moves fast or slow, or even 
whether it move forward at all, or not. 

What are they ? Why do bodies fell to tb« ground * 171. Why do some 
bodies go fiirther than others before they fidl f What does Fig. 12 represent i 
Jfote, — Upon what does the shape of the cnnre of every projectile depend i 
Does the time of the descent, if thrown horizontally, depend upon the velo- 
city i Illustrate this. Upon what does the dlatanoe, to which a ball may be 
prqiectad, depend f What fbllowslTom this ? 
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the projectile descends with the same rapidity while moving for- 
ward that it would if its motion were perpendicular to the horizon. 
This is the necessary result of the action of two forces, according to 
the principle stated in No. 153. 

174. A projectile is any body thrown into the air, as 
a rocket, a ball from a gun, or a stone from the hand. 

175. On account of the force of gravity and the re- 
sistance of the air, projectiles form a curve line both in 
their ascent and descent, and their motion is gradu- 
ally changed in their descent from a horizontal to a per- 
pendicular direction. 

176. Illtistration. In Fig. 13 the force of projection would canj 
a ball froQi A to D, while gravity would bring it to C. If these twp 
forces alone prevailed, the ball would Fig. is. 

proceed in the dotted line to B (accord- 
ing to the principle stated in number 
ISm.) Out as the resistance of the air 
operates in direct opposition to the force 
of projection instead of reaching the 
ground at B, it will fall somewhere 
about £. EC 

It is calculated that the resistance of the air to a cannon ball of 
two pounds weighty with the velocity of two thousand feet in la 
isecond, is more than equivalent to sixty times the weight of the 
ball. 

177. When a body is thrown upward obliquely y its 
course will be in the direction of a curve-line, called a 
parabola* [See Fig. 14.] but when it Fig. 14. 
is thrown perpendicularly upward, it 
will descend perpendicularly, because 
the force of projection and that of grav- 
ity are in the same line of direction. 

* The science of gunnery is founded upon the laws relating to prc^ectiles. 
The force of gunpowder is accurately ascertained, and calculations are predica- 
ted upon these principles, which enable the engineer to direct his gnns in snch 
a manner as to cause the ftll of the shot or shells in the very spot where he in- 
tends. The Icnowledge orthis science saves an immense expenditure of ammu- 
nition, which would otherwise be idly wasted without producing any efibct. la 
attaclts upon towns and fortifications, the sIiilAiI engineer knows the means he 
has in his power, and can calculate, with great precision, their eflects. It is in 
this way that the art of war has been elevated into a science, and much is made 
to depend upon skill, which, previous to the knowledge of these principles, de- 

174. What is a projectile ? 175. What line do projectiles form in their de- 
scent i Why is the direction of their motion gradually changed from a hori- 
zontal to a perpendicular direction f Illustrate this by Fij?. 13. How great is 
the resistance of the air calculated to be to a cannon ball of two pounds weight, 
with the velocity of 2090 fbet in a second ? 177. In what direction will a body 
move, when it is thrown upward obliquely f When will a ball deacaiid in the 
•ame direction in which it ascended f Why f 
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178. The random of a projectile is the horicontal dis- 
tance from the. place whence it is thrown, to the place 
where it strikes. The greatest ran- 
dom takes place at an angle of 45 ^ '*'* **' 
degrees — that is, when a gun is 
pi»inted at this angle with the horizon, 
the ball is thrown to the greatest dis- 
tance. 

Fig. 15 representB a gun or a . carronade, 
from which a hall is thrown at an angle of 45 
dogsees with the horizon. 

179. When the centre of gravity of a body {See No. 
164) is not supported, the body will fall. ^ 

180. The base of a body is its lowest side. The 

% 

pended entirely upon physical power. It is likewise by the same means that 
wars are rendered much less sanguinary in modem times. The Torce with 
which balls are thrown by gunpowder is measured by an instrument called the 
Ballistic pendulum. It consists of a large stock of wood suspended by a rod in 
the manner of a pendulum. Into this block the balls are fired, and to it they 
oommunicate their own motion. Now the weight of the block, and that of the 
ball being known, and the motion or velocity of the block being determined by 
machinery, or by obserTation, the elements are obtained by which the velocity 
of the ball may be fbund ) for, the weight of the ball is to the weight of the 
block as the velocity of the block is to the velocity of the ball. By this simple 
apparatus, many facts relative to the art of gunnery may be known. If the ball 
be fired at different distances, from the same gun, it will be seen how much re- 
sistance the atmospliere opposes to its force at such distances. Rifles and guns 
of smooth bores may be tested, as well as the yarious charges of powder best 
adapted to diflerent distances and different guns. These, and a great variety of 
other experiments, usefUl to the practical gunner or sportsman, may be made 
by this simple means. 

With respect to the velocity of balls impelled by gunpowder, it has been 
Ibond that, with a common charge, from a musket, this is about 1650 feet per 
second, when first discharged. The utmost velocity that can be given to a can- 
non ball, is 2000 feet per second ; and this only at the moment of its leaving 
the gun. 

In order to increase the velocity from 1650 to 2000 feet, one half more powder 
is required ; and even then, at a long shot, no advantage is gained ; since, at the 
distance of 500 yards, the greatest velocity that can be obtained is only 1200 or 
1300 feet per second. Great charges of powder are therefore not only useless, 
but dangerous -, for, though they give little additional force to the ball| they 
haiard the lives of many by their bursting power. 

Experiment has also shown, that, although long guns give a greater velocity 
to the shot than short ones, still, that on the whole, short ones are preferable ; 
and, accordingly, armed ships are now almost Invariably fhmished with short 
gans, called oarronades. 

The length of sporting guns has also been greatly rednced.of late years. For^ 
meily, the barrels were fh>m four to six fbet in length } hat the best fbwiing 

Sieces of the present day have barrels of two teei, or two and a hal( only, in 
»agth. Guns of about this length are now nnlversany employed for such game 
aa weodooeksi partridgea* grouse, and sudi htrds as are taken oo the wing, vrith 
the exceptions of ducks and wild geese, which require longer and heavier gam. 

178. What is the random a( a projectile ? At what angle does the greatest 
random take place i 179. When will a body Ml * 180. What is the base ofa 
body f In Figs. 16 and 17, what represents the base ? 181. When will a body 
■tand? WheawiUitftU? Illustrate this by Fig. tf. What Ibllowa fhua thii ? 

3* 
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base of a body standing on wheels or p^^ ^^ 

legs, is represented by lines drawn ^^ 

from the lowest part of one wheel or 

leg, to the lowest part of the other 

wheel or leg. 

Thus, in Figures 16 and 17, D E represents _ _ 

the base of the wagon and of the table. 

181. Whenever a line drawn from the centre of 
gravity and perpendicular to the horizon falls within 
the base of a body, the body will stand, but when that 
line falls outside of the base, the body will fall or be 
overset. This line is called the line of direction, be- 
cause it is the line which the centre of gravity would 
describe, if the body were suffered to fall. 

182. niustration. Fig. 17 represents a loaded waj^on on the de- 
clivitj of a hill. The line C F represents the horizon. DEth* 
base of the wagon. If the wagon be loaded in 

such a manner that the centre of gravity be at B, Fig' 17. 

the perpendicular B D will fall within the base, 
and the wagon will stand. But if the load be al- 
tered so that the centre of gravity be raised to A, 
the perpendicular AC will tall outside of the base, 
and tlie wagon will be overset From this it fol- 
lows that a wagon, or any carriage, will be most 
firmly supported when the centre of gravity falls 
exactly between the wheels ; and that is the case ^ ' 

on a level road. The centre of gravity, in the human body, is be^ 
tween the hips, and the base is the feet 

So long as we stand uprightly, the line of direction falls within 
this base. When we lean on one side, the centre of gravity, not 
being supported, we no longer stand firmly. 

183. A rope-dancer performs all his feats of agility by dezteronslj 
supporting the centre of gravity. For this purpose he carries a 
heavy pole in his hands, which he shifts from side to side as he 
alters his position, in order to throw the weight to the side which 
is deficient; and thus, by changing the situation of the centre of 
gravity, he keeps the line of direcUon within the base, and he will 
not fall.* 

* The shepherds in the soath of France affbrd an interesting instance of the 
application of the art of balancing to the cominon business of liffe. These men 
walli on stilts ttom three to four fhet high, and their children, when quite young, 
are taught to praetise the same art. By means of these odd additions to the 
length of the leg, their feet -are kept out of the water, or the heated sand, and 
they are, also, enabled to see (heir sheep at a greater distance. They use thnw 
■tilts with great skill and caf«, and run. Jump, and even dance on them with 
great ease. 




Where is the centre of gravity In the human l)ody t Where to th« 
Its. How U it that rope-dancers perfbrm their feats of agility f 
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184. A spherical body will roll down a slope, because 
the centre of gravity is not supported."^ 

185. When a body is of uniform density, the centre 
of gravity is in the same point with the centre of magni- 
tude. 

When one part of the body is composed of heavier materials than 
another part, the centre of gravity, (being the pentre of the weight 
of the body,) no longer corresponds with the centre of magnitude. 
Thari the centre of gravity of a cylinder plugged with lead, is not 
m the same spot as uie centre of magnitude. 

186. Bodies, therefore, consisting of but one kind of substance, 
as wood, stone, or lead, and whose densities are consequently uni- 
form, will stand more firmly, than bodies composed of a variety of 
substances, of different densities. 

187. Bodies that have a narrow base are easily over- 
set ; for if they are in the least degree inclined, the line 
of direction will fall outside of the base, and their cen- 
tre of gravity will not be supported, j* 

188. The broader the base, and the nearer the cen- 
tre of gravity to the ground, the stronger will be the 
edifice. 

For this reason a pjrramid,! having a broad base and but little 
elevation, is the firmest of all structures. 

189. When two bodies are fastened together, they 
are to be considered as forming but one body, and have 

* A cylinder can be made to roll up a slope, by plugging one side of it witH 
lead; the body being no longer of a unirorm denKity, the centre of gravity is re- 
moved from the middle of the body to some point In the lend, as that substance 
is much heavier than wood. Now, in order that the cylinder may roll down 
the plane, as it is here situated, the centre of gravity must rise, which is Impos- 
sible -f the centre of gravity muMt always descend in moving, and will descend 
by the nearest and readiest means, wliich will be by forcing the cylinder up the 
Slope, until the centre of gravity \a supported, and then it stops. 

t A person can carry two pails of water more enHily than one, because Uiey 
balance each other, and the centre of gravity remains supported by the fbet. 
But a single pail throws the centre of gravity on one side, and renders it more 
difficult to support the body. 

X A cone has also the same degree of stability ; but, strictly speaking, a cone 
is a pyramid with an infinite number of sides. 



184. Why do spherical bodies roll down slopes f How can a cylinder he 
made to roll up a slope ? How does this affect it f 185. Where is the centre 
of gravity in a body of uniA>rm density f Do the centre of gravity and the cen 
tre of mngnitude correspond when one part of al)ody is composed of heavier ma 
terials than another f 186. What bodies must stand mure firmly than others f 
Why i 187. Why do bodies which have a narrow base overturn more easily 
tban those which have broad bases f Why can a person carry two pails of 
water more easily than one i 188. Why is a pyramid the firmest of all struc- 
tures f 189. If two bodies (rf' equal weight are fastened together, where Is tbs 
eeatro of gravity f If one be beavier than the other ? 
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but one centre of gravity. If the two bodies be of equal 
weight, the centre of gravity is in the middle of the line 
which unites them. But if one be heavier than the ^ 
other, the centre of gravity is as much nearer to the 
centre of the heavier one than to that of the lighter one, 
as the heavier exceeds the light one in weight. 

190. Illustration, Fig. 18 represents a 
rod or pole with an equal weight fastened 
at each end : the centre of gravity is at A, 
the middle of the rod, and whatever sup- 
ports this centre will support both the bodies 
and the pole. 

191. Fig. 19 represents a rod" or pole 
with an unequal weight at each end. The 
centre of gravity is atC nearer to the larger 
body. 



Fig. 18. 



Fig. 20 represents a rod or pole with 
unequal weights at each end, but the larger 
weight exceeds the less in such a degree 
that the centre of gravity ia within the 
larger body at C. 



Jf\g.l% 




Fig. 20. 







SECTION VI. 

Resullaid Motion, 



i ''192. Resultant motion is the effect or result of two 

motions resolved into one. 

193. Illustration. If two men be sailing in two boats, in the 
same direction, and at the same rate, and one toss an apple to the 
other, the apple would appear to pass directly across from one to 
the other, in a line of direction perpendicular to the side of each 
bo%t. But its real course is through the air in the diagonal of a 
parallelogram, formed by the lines representing the course of each 
boat, and perpendiculars drawn to those lines from the spot whei» 
each man stands as the one tosses and the other catches the apple. 
In Fig. 21 the lines A B and C D represent the 
course of each boat; E is the sf>ot where the 
man :stands who tosses the apple ; while the ap- 
ple is in iti9 passage, the boats have passed from 
£ and G to H and F respectively. But the ap- ^ 
pie havinj^ a motion with the man that would 
carry it trom £ to H and likewise a projectile 



Fig. 31* 
G F 



— B 



E H 



What tlom Fig. 18 repreMnt ? Fig. 19 f Fig. 20 ? 192. Of what is r«Ml|C«l|t 
notion the eflfect f Wbat illuatration is given ? Explain by Fig. 31. 
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force which woald carry it from E to G, cannot obey them both, 
bot will pass through the dotted line £ F, which is the diagonal of 
the parallelogram £ G F H, according to tbe principle in No. 152. 

194. On the principle of resultant motion, if two ships in an en- 
gagement be sailing before the wind, at equal rates, the aim of the 
gunners will be exactly as though they both stood still. But if tbe 
guniier fire from a ship standing still, at another under sail, or a 
sportsman fire at a bird on the wing, each should take his aim a 
little forward of Uie mark, because the ship and the bird will pass a 
little forward while the shot is passing to them. 



SECTION VII. 

The Pendulum. 

'^ 195. The Pendulum* consists of a weight, or ball of 
metal, suspended by a rod, and made to swing back- 
wards and forwards. 

196. When a pendulum swings, it is said to vibrtUe, 
and its movements are called vibrcUions. The part of 
a circle through which it moves, is called its arc. The 
attraction of gravity causes its vibrations. 

197. The vibrations of pendulums of equal length, 
are very nearly equal, whether they move through a 
greater or less part of their arcs. 

* The pendulum was invented by Galileo, a great astronomer of Florence, in 
the beginning of the seventeenth century. Perceiving that the chandeliers sus- 
pended from the ceiling of a lofty church vibrated long and with great uniforml- 
ty. as they were moved by the wind or by any accidental disturbance, he was 
tea to inquire into the cause of ibeir motion, and this inquiry led lo the invention 
of the pendulum. From a lilie apparently inconsideraiile circumstance arose 
the great discovery of the principle of gravitation. During the prevalence of the 
plague, in the year 1665, Sir Isaac Newton retired into the country to avoid the 
contagion. Sitting in his orchard, one day, he observed an apple fall from a tree. 
His inquisitive mind was immediately led to consider the cause which brought 
the apple to the ground, and the result of his inquiry was the discovery of that 
grand principle of gravitation (See No». 86, 87) which may be considered as the 
first and most important law of material nuture. Thus, out of what had been 
before the eyes of men, in one shape or another, from the creation of the world, 
did these philosophers bring the most important results. 

195. Of what does a Pendulum eonslst f 196. When is a pendulum said to 
vibrate f What are its movements called ? What is meant by its arc ? What 
causes its vibrations f 197. How do the vibrations of pendulums of equal length 
compare f Illustrate by Fig. 22. By whom was the pendulum invented f What 
lad him to the discovery f By whom was the principle of gravitation dJs> 
covered f What led Mm to the discovery i 
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196. lUustratien, In 6ffare 22 A B re- pig. 22. 

pretents a pendulum. D £ F C the arc in ^ A 

which it vibrates. If the pendulum . be 
raised to E it will return to F, if it be raised 
to C it will return to D in nearly the same 
length of ttme, because that in proportion 
as the are is more extended, the steeper 
are its beg^innings and endings, and, there- 
fi>ie, the more rapidly will it faJi. 

199. The time occupied in the vibration of a pendu- 
lum, depends upon its length. The longer the pendu- 
lum, the slower are its vibrations. 

200. The length of a pendulum which vibrates sixty 
times in a minilte (or, in other words, which vibrates 
seconds) is about 39 inches. But in different parts of 
the earth this length must be varied. A pendulum to 
vibrate seconds at the equator must be shorter than one 
which vibrates seconds at the poles. 

201. A clock is regulated by lengthening or shortening 
the pendulum. By lengthening the pendulum, the clock 
is made to go slower ; by shortening it, it will go faster. 

The pendulum of a clock is made longer or shorter, by means 
of a screw beneath the Weight or ball of the pendulum. The clock 
itself is nothing more than a pendulum connected with wheel-work, 
80 as to record the number of vibrations. A weight is attached, in 
order to counteract the retarding effects of friction, and the resist- 
ance of the air. The wheels show how many swings or beats of 
the pendulum have taken place in a given time, because, at every 
.beat, the tooth of a wheel is allowed to pass. Now if this whed 
have sixty teeth, it will turn round once in sixty vibrations erf the 
pendulum, or in sixty seconds; and a hand, fixed on the axis of the 
wheel projecting through the dial plate, will be the second hand of 
the clock. Other wheels are so connected with the first, and the 
number of teeth in them i» so proportioned, that the second wheel 
turns sixty times slower th^n the first, and to this is attached the 
minute hand; and the third wheel, moving t^yelca times slower 
than the second, carries the hour hand. On account of the expan- 
sion of the pendulum by heat, and its contraction by cold, clocks 
will so slower in summer than in winter, because the pendulum is 
thereoy lengthened at that season. 

202. A watch differs from a clock, in having a vibrating wheel 

199. Upon what does the time of the ▼Ibratloiu of a pendulum depend ? 200. 
What is the Ien8;th of a pendulum which vibrates sixty times in a minute f Do 
diiftrent sitnations aflbct the vibrations * How can a pendulum which vibrates 
secoDda at the equator be made to vibrate seconds at the poles f 301. How is 
a dock rSffulated i What eflbct has the lengthening of the pendulum f The 
shortening f What is a clock ? Of what use is the weight f What do ths 
wheelsihowf Why do clocks go slower la summsr thsa in winter ? 208. How 
does a wateh diUhr fWua a dook i 



uiileAdof a pendulum. /This wheel w movedbf aepfingyOelled 
the hair spring. The place of the weight ii suppliea hy anothmr 
larger ipnng^ called the mam tyring. I / 



SECTION VIII. 

« 

The Mechanical Powers, 

203. The mechanical powers are certain contrivances 
designed to increase or diminish force, or to alter its 
direction. 

204. There are five things which are to be considered, 
in order to understand the power of a machine, namely : 

. First, the power that acts. 

Secondly, the resistance which is to be overcome by 
the powers. 

Thirdly, the centre of motion, or, as it is sometimes 
called, the fulcrum, (which means a prop or support.) 

Fourthly, the respective velocities of the power and 
the resistance ; and, — 

Fifthly, the instruments employed in the construction 
of the machine. 

205. Illustration. The pov^er that acts is the mascular strength 
6f men, or animals, the weight and momentum of solid bodies, thcr 
elastic force of steam, springs, the pressure of the air, &c. 

The resistance to be overcome is the attraction of gravity, or of 
cohesion, the inertness of matter, &e. 

The centre of motion, or the fulcrum, is the point about which 
all the parts of the body move. 

The velocity, as has already been explained^ is represented by the 
time occupied in producing a certain effect. 

The instruments are the mechanical powers which enter into the 
eonstruction of the machine. 

206. There are six mechanical powers, namelyj the 
Lever, the Pulley, the Wheel and Axle, the Inclined 
Plane, the Wedge, and the Screw. 

203. What are ch^ mechanical powers ? 204. How many things are to be 
' considered in order to understand the power of a machine f What is the first f 
Second? Third? Foarih ? Fifth? 205. What is the power that acts? 
MHiat Is the resistance to be overcome ? What is the ftilcrum ? What i» 
the velocity ? 206. How many mechanical powers are there ? What are 
tliey ? 
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907. Tlie Lercf* is an JnHeyiblet bar, nofraUe <m a 
fidcnuD, <ir propu 

20S. Tkere aie three lands of lerera, called tlie first, 
second, and third kinds, according to the respective 
position of the Iblcnini, the power and the weighL 

209. In a lever of the first kind, the veight is at one 
end, the power at the other, and the fidcnim between 
them. \ 

210. JZfatrtntfM. Fig. 23 ivpieanfti a umgit lever of the fint 
kiad, THtimg tm the falemm F, aad f^ ^ 
aaowahh upon it. W is iJie weight 

(or he^wj Mooe) to be mored, and P _ 

im the pover (or hand) which moves 

it The adruita^ S^o^ in the use 

of this kind of lever is io proportioa 

asthedjataneeaf thepowerironi the 

lalenim exceeds that of the weiffai 

fiom the folcnun. Thus, in this ^- 

■re, if the distance betveen P andT be double that between W and 

F, then a mui, bj the exertion of a force of 100 pounds with the 

lever, can move a weiffat of 20O pounds. Frooi tins it foDows that 

the nearer the power is applied to the end of the lever most remote 

fitMn the fulcrum, the grnler is the adranta^ gained. 11108, in 

the same figure, a greater weight can be moved bj the same power, 

when applied at B, than when it is exerted at P4 




*The]efcr isBadeia agrBatTarietyof ianBs,aadaf ■aajdiflbrcat 



f Bj aa imJienNe bar is aicaat ome wbick viD aoC bead. Hk lUcrvai, 
prap, is liurwtae coostxoeted ia a raneiy of ara\a. ^oiiaffiBiai it 
atoae on wiikb a lerer ia the fbrai of a ci w»b a i ivsta. finf fimfi it 
piwi^ ihmwh the lerer, dec 

t It >> a findaaiental principle in medtanta tkst vkat b faiaed ia poi 
loBl ia UaML [See yo. 117.] To iliastraie this vriaciple, (F^ 24; W 
the vcehi, F the fuicrani, P the power, and ihe 
bar W F P ibe lerer. To raise tbe we«shi W to Vig. 34. 

», the power P most desoead to p. Bai as the 
radias oTtbe cirde ia whicb the power P biotcs 
k doable tbat of ibe radios of ibe cirrle ia wbicb 
tbe weight W moves, the are P ^ v do>.ble the arc 
W w; or, in other wonls, the duvu.et V p n 
doaUe the distaace of W v. Now. as these dis- 
taaees are traveraed ia theaaaw time bj the pow- 
er aad the weight re^peciireif-, it fellows ibai the 
v^ocitT of the power mua be doable (be veiocitT 
ar the weight ; that is. the power mua aiore at 
Iherale of two feet ia a secosd, ia order la BMinre 
the weight oae feoC ia the saaie tiaie. 

This priaciple applies not oalj to Ibe lever, bat 




»T. Wbatisalerer? SOt. How maor kiads of tercrs wa there ? Howda 
diAr ? 209. What is a lerer of the first kind * 2ia What fignre fllastralai 
? Explaia it br tbe l^ore. To what is the adraai««e, gaiaed by thia lever, 
MniOBal ? What follows Aon this ' W^»t ■« mmm* hv »n taiflvTihlit Imt f 



proponioBal ? What fellows feon this ? What is anaat by aa iallexlble bar : 
JToCe. What is a faadaaieatal priaeiple ia mec haa i ca i lOastrate thw ^ Ihe 
Poca thiapriaaple apply toaU the Mfchaaical powata > 
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311. A balanee, or pur of acslet, u a lever of the fint kind, with 
equftl arms. Steelyards, scissors, pincers, snaffers, and a poker used 
for stirring the fire, are all levers of the first kind. The longer the 
handles of scissors, pincers, &c., and the shorter the points, the 
more easily are they used. 

212. A hammer lever Fig. 25. 

differs only in form from 7 
levers of the first kind. A 
eomponnd lever consists 
of several levers, so ar- 
ranged that the shorter 
arm of one may act on the longer arm of the other. (See Fig. 25.) 

213. In a lever of the second kind, the fulcrum is at 
one end, the power at the other, and the weight be- 
tween them. 

914. lUustradon. Fiff. 26 represents a lever of the second kind. 
F is the fulcrum, F the power, and W the p|. ^e. 

weight. The advantage gained by a lever of 
this kind is in proportion as the distance of the F 
power from the rolcrum exceeds that of the ^ F 

weiffht from the fulcrum. Thus as this figure 
of Vie distance from P to F is four times the 
distance from W to F, then a power of one pound 
at P will balance a weight of four pounds at W. ^ 

This kind of lever explains the manner in which two persons, 
carrying a heavy burthen, (as, for instance, a cask upon a pole,) 
may be made to bear unequal portions of it, by placing it nearer to 
the one than the other. 

215. Two horses, also, may be made to draw unequal portions of 
a load, by dividing the beam attached to the carriage in such a 
manner that the weaker horse may draw upon the longer end of 
the beam. 

216. Oars, rudders of ships, doors turning on hinges, and cutting>- 
knives, which are fixed at one end, are constructed^ upon the prin- 
ciple of levers of the second kind.* 

to all th« mechanical powers, and to all machines constnietsd on madwnical 
principles. 

When two weights are eaual, and the Ailcrum is placed exactly in the oentrs 
of the lever between them, they will mataally balance each other *, or, In other 
words, the centre of gravity being supported, neither of the weights will sink. 

To make the lever act as a mechanical power, the falcram must be placed 
near the weight to be moved, and the power or hand at the greater distance 
from it. The force of the lever, therefore, depends on its length, together with 
the power applied, and the distance of the weight fW>m the flricrum. 

* It is on the same principle that, in rising a window, the hand should be 
applied to the middle of the sash, it will then be easily raised ; whereas, if iha 
hand be applied nearer to (me side than the other, the centre of gravity being 




Nvte, When two weights are equal, where is the ftalcHim f How must the 
fhtlemm and power be placed, to make the, lever act as a mechanical power f 
Upon what does the force of the lever depend i 211. Give some examples of 
ieven of the first kind. 213. What is a lever of the second kind ? 214. What 
Hgure illnstrates this i To what is the advantage gained, by this terar, propor- 
lioiia] I 215. Give some examples of levers of the second kind. 

4 
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217. In a lever of the third kind, the fulcrum is at 
one end, the weight at the other, and the power is ap- 
plied between them. 

218. In \even of this kind the power roust alwajrs exceed the 
weight, in the same proportion as the distance of the weight from 
the Tulcrum exceeds that of the power from the fulcrum. 

219. Fig. 27, F is the fulcrum, W the weight, and P the power 
between the fulcrum and the weight; and the pj^ 37. 
power, must exceed the weight in the same pro- 
portion that the distance between W and F ex- F 
ceeds the distance between P and F. 

A ladder which is to be raised by the strength 
of a man's arms, represents a lever of this kind, 
where the fulcrum is that end which is fixed 
against the wall : the weight may be considered W 

as at the top part of the ladder, and the power is the strength ap- 
plied to the rearing of it. 

220. The bones of a man's arm, and most of the movable bones 
of animals, are levers of the third kind: But the loss of power in 
Umbs of animals is compensated by the beauty and compactness of 
the limbs, as well as the increased velocity of their motion. The 
wheels, in clock and watch work, and in various kinds of machine- 
ry, may be considered as levers of this kind, when the power that 
moves them acts on the pinion, near the centre of motion, and the re- 
sistance to be overcome acts on the teeth at the circumference. But 
here the advantage gained is the change of slow into rapid motion. 
The sails of vessels are constructed on the principle of the lever. 

221. The Pulley is a small wheel turning on an axis, 
with a string or rope in a groove running around it. 

222. There are two kinds of pulleys, the fixed and 
the movable. The fixed pulley is a pulley fastened to 
the wall or to a beam, and is used only for changing 
the direction of motion. 

223. Illustration, Fig. 28 represents a fixed pulley. Fig. 28. 
P is a small wheel turning on its axis, with a string run- 
ning round it in a groove. W is a weight to be raised. 
F is the force or power applied. It is evident that, by 
pulling the string at F, the weight roust rise just as 
much as the string, is drawn down. As, therefore, the 
velocity of the weight and the power is precisely the 
same, it is manifest that they balance each other, and 
that no mechanical advantage is gained. [See JVb. 117.] 
But the pulley is very useful for changing the direction of 

onsupported, will cause the fluther side to bear against the flrame, and obstmet 
its firee motion. 

217. What is a levwef the third kind f 218. In what proportion must the 
power exoevl dW MMiJll, IhU lever f Explain Fig. 27. 220. Give some 

1^ III ^ 221. What Is a pulley ? 222. How many 

' aire they ? What is a fixed pulley .' Explain 
* by this pulley t What is the use of thto 




j^ 



M£CHANICS. 



99 




motion. If, for instance, we wish to raise a weight to the top of a 
high building, it can be done with the assistance of a fixed pulley, 
by a man standing below* A curtain, or a sail, also, can be raised 
by means of the fixed pulley, wilbout ascending with it, by draw- 
ing down the string connected with it. 

S24. The movable pulley differs from the fixed puUej 

by being attached to the weight ; it therefore rises and 

falls with the weight. 

225. Illustration. F\s. 29 represents a movable pul- 
ley, with the weight W attached to it by a hook below. 
One end of the rope is fastened at F ; and as the power 
P draws the weight upwards, the pulley rises with 
the weight. Now, in order to raise the weight one 
inch, it is evident that both sides of the string must be 
shortened, in order to do which, the power P must pass 
over two inches. As the velocity of the power is 
double that of the weight, it follows {by JVb. 1 17) that a 
power of one pound will balance a weight on the mova- 
ble pulley of two pounds. From which it appears that— 

226. The power gained by the use of pulleys is aih 
certained by multiplying the number of movable pulleys 
in the lower block by 2.| 

227. JUustration. A weight of 72 pounds may be balanced hj a 
power of 9 pounds with four pulleys; by a power of 18 pounds with 
two pulleys ; or by a power of 36 pounds with one pulley. But in 
each case the space passed over by the power must be double the 
space passed over by the weight, multiplied by the number of mova- 
ble pulleys. That is, to raise the Weight one 'foot, with one pulley, 
the power must pass over two feet, with two pulleys four feet, with 
four pullevs eight feet. 

228. Fig. ^ represents a syiettem of fixed and 
movable pulleys. In the block F, there are four fixed 
pulleys, and in the block M there are four roova- 
ole pulleys, all turning on their common axis, and 
rising and falling with the weight W. The movable 
pulleys are connected with the fixed ones by a string 
attached to the hook H, passing over the alternate 
grooves of the pulleys in each block, forming ei^ht 
cords, and terminating at the power P. Now to raise 
the weight one foot, it is evident that each of the 
eight cords must be shortened one foot, and, conse- 
quently, that the power P must descend eight times 
that distance. The power, therefore, must pass over 
eight times the distance that the weight moves. 

* The fixed pulley operates on tbe same principle as a lever of the first kind 
with equal arms, where tbe fulcrum being in the centre of gravity, the power 
and the weight are equally distant firom it, and no advantage it gained, 

t This rule applies only to the movable pulleys in the «ame block. 

Upon what principle does the fixed pulley operate f 224. Bow does tlM 
movable pulley differ from the fixed pulley ^ Explain Fig. 29. 225. How can 
the power gained by the use of the movable pulley be ascertained ? 227. Wbat 
illustration of this is given f 228. What doss Fig. 90 represent f 
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S29. Pulleys act on the same principle with the ler- 
er, the deficiency of the strength of the power beinor 
compensated by its superior velocity. \^See JVb. 1 17.] 
Now, as we cannot increase our natural strength, but 
can increase the velocity of motion, it is evident that 
we are enabled, by pulleys and other mechanical pow- 
ers, to reduce the resistance or weight of any body to 
the level of our strength. 

230. Practieal use of Pulleys. Pulleys are liaed to raise goods 
into warehouses, and in ships, &c. to draw up the sails. Both 
kinds of pulleys are in these cases advantageously applied; for the 
sails are raised up to the masts by the sailors on deck by means of 
the fixed pulleys, while the labor is facilitated by the mechanieal 
power of the movable ones. 

231. Both fixed and movable pulleys are constructed in a great 
variety of forms, but the principle on which all kinds aie construct- 
ed, is the same. What is generally called a tackle and fall, or a 
block and tackle, is nothing more than a pulley. Fulleys have, 
likewise, lately been attached to the harness of a horse to enable 
the driver to govern the animal with less exertion of strength. 

232. It may be observed, in relation to the mechanical powers in 
general, that power is always gained at the expense of time and ve- 
kKsity ; that is, the same power which will raise one pound in one 
minute, will raise two pounds in two minutes, six pounds in six 
minutes, sixty pounds in sixty minutes, &c. ; and that the same 
quantity of force used to mise two pounds one foot, will raise one 
pound two feet, &c. And, further, it may be stated that the pro* 
duct of the weight, multiplied by the velocity of the weight, will 
always be equal to the product of the power multiplied by tne velo* 
city of the power. Hence we have the following rule. The power 
is m the same proportion to the weight as the velocity of the weight 
is to the velocity of the power. 

233. The wheel and ais:Ie consists of two wheels, one 
of which is smaller than the other, revolving together 
around the same centre of motion. The place of the 
smaller wheel is generally supplied by a cylinder, which 
is called the axle. A cylinder is a round body with flat 
ends. 

234. lUustraHon, The wheel and axle though made in many 
forms, will easily be understood by inspecting Figs. 31 and 32. 
In Fig. 31, P represents the larger wheel where the power is applied ; 

229. Upon what principle do pulleys act ? What advantnj^ is gained by Um 
vie of pulleys and other mechanical powers f 230. V^hat are some of the prao* 
ttcal uses of the pulley f 231. What is a tackle and All ! 232. Is there any time 
or velocity gained with the power in the mechanical powers f To what is the 
prodoct of the weight, multiplied by the velocity of the power, always equal f 
What rale is given f 233. Of what does the wheel and axle consist i What (s a 
cyliodsr f 3S4. Wliat figurea Ulnstrate the wheel and a«Ie i 




cjlinder, which i» gea- 
tnih cBlltfd tbe ula, 
uid W the weight to be 
niaed. The laTantiige 
gained ii in proportion 
u the ciicumterenoe of 
the wbeeJ it gre&ter than 
that of the uIr. That 
it, if the circumrerenM 
ofthewheel be six times 
the circumference of the 
axle, then a power of 
one pound spplied at the 
the wheel will balmce a 
power of liz pooad* on 

235. Sometimea the 
■zle ii conalructed with 
a winch or handle In- 
■teid of the wheel, as in Fij. 32, or with projecting ipokei. 



■ante with Ihst of the 
other mechanical pawen, 
the want of power being 
compensated b; velocitj. 
Jt ii eridenl (from the 
Figs 31 and 33) that the 
velocil/ of the dicumfer- 
ence at the wheel i* u 
much preiter than that of 
the axle aa it i* further 
from the centre of mo- 
tion; far the wheel deKribes a gimt cire]e In the wme time that 
the aile describai a Bmall one ; therefore the powAr !■ inoreaaed iu 
the ume proporlion as the circumference of the wheel ia greater 
than Iha axle. If the velocity of the wheel be twelve timea greater 
than that of the axle, a power of one pound on the wheel will inp- 
port a weight of twelve poonda on the axle. 

237. In connexion with the wheel and axle, it ii proper to men- 
tion the inbject of complex wheel-work. It hai already been staled 



that ihe velocitjr of the wheel is greater than that nf the axle ; and 
thii velocity ia in proportion to Uie relative aiie of the wheel co 
pared with that of Ihe axle. Advantage ia taken of this circn 

BipWii. Towlial ti ihaail'uitiic>|alned Id iintponian.' WhsldoiaFlf 
repTMeni ( Fl(. ai ( Upoo wtiai principle li iho whorl and vie consinicn 

pirs Willi (hat of ilw uk ! To oliat li Ihli •Bludljr In pnjportioii f It i 
adiantaa* l*kenortUa,lailnTlB(Bia(;UDgrT when llie upeail litobelDerea 
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a unngement 
! speed at plea- 

yident that if the power be nppliec) to the ■lie, tnd 

Duchinetjr attached to the wheel, lapid motion will be ptoduMdi 
and on lAe caotrary, if the power be ipptied to the wheel and tfae 
miohioery lo the aiie, i|ow molioQ will be produced. 

23S. lUiutnUiOB. Fig, 33 representa four wlieeli with IheJr 
aitei, each wheel settng on the axle of the ^ 

adjoining wheel. ¥ is Uie power applied W j 5 i, ' „ 
the axle of the wheel d. Now, Bupp<>aing the , - 

circunifetenoe of each wheel to be fi- ' 

the circumfeience of each aile, it is 

that each time the wheel d revolveB 

cause the wheel c to make >ix levolutiona. 

because the circumfetsDce of the wheel il ia , ^ 

ail times the ciicumfeience of the axle of c 

In like manner (he circumferences of [he wheels c and b, acting re 

•pectlrely on the circomferencea of the ailei of the adjoining wheel. 

will cammunicatB a telocit; six times greitei than theit own, and 

while the wheel d makes one levolulian the wheel c will make ux, 

h Ihirtj-six, and a two hundred and siiteen reyolatioDS. 

239. Revening the figuie, and applying the power at S which 
communiCBlea with the ciicumfeieoce of the wheel a, it follows that 
• must perform six revolutionB white b is performing one, thirty-six 
white c, and two bundled and aixteeii while d performs one revolu- 
tion. It will thus be perceived that a rapid or a slow motion may 
be communicaled by various combinations of the wheel and axle. 

940, The usual way of transmtttins the action of the axles to the 
adjoining wheels is by means of teeth or cogs, raised on their sur- 
faces. The cogs on the anrfsfe of the wheels ate generally called 
teeth, and those on (he surface of the axle are called leaves. The 
axle itself, when furnished with leaves, is called aptnion. 

'iA\. BhiatrcUum. Fig. Fij. m. 

34 represents a con- 
nexion of cogged wheels. D C 
The wheel B being mov- 
ed by a string around its 

pie wheel without teeth. 
It* axle being furnished I 
with cogs or leaves, to 
which the teeth of the 
wheel D are litted, com- 
municates its motion to 
D, which, in like man- 
nst, moves the wheel C. 
The power P and the 

weight W must be attached to the circamfeienoe of the wheel or 
of the axle according as a slow or a rapid motion is desired. 

How waaU njHd moll 
!4D. Wkii li ibe u<u^ »■ 
Joinlai wtiwln f Vn»l »ro in» cop on uw Mnms 
mduailsr WtUbapliiJoiir EsphOn Pi(. »< 
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212. Wheels are ■ometimes turned hy bandf, as in Figure 35; 
aod the motion communicated may be direct or fjg. 35. 

leTersed by attaching the band, as represented 
in Fies. 35 and 36. When the wheel and the 
azie from which it receives motion are intended 
to revolve in the same direction, the strap is not 
crossed, but is applied as in Fig. 35. But when Fig. 96. 

the wheel is to revolve in a direction contrary 
to the revolution of the axle, the strap is cross- 
ed, as in Fig. 36. 

243. Different directions may be given to the motion produced 

Fig. 37. Fig. 38. 






by wheels, by varying the position of their axles, and causing them 
to revolve in different planes, as in Fig. 37 ; or by altering the shape 
and position of the teeth or cogs, as in Fig. 38. 

244. It remains to be observed that the wheel and 
axle are constructed on the same principle with the 
lever. The axle acts the part of the shorter arm of the 
lever, the wheel that of the longer arm. 

245. The capstan, on board of ships and other vessels, is eon« 
structed on the principle of the wheel and axle. It consists of an 
axle placed uprightly, with a head or drum, pierced with holes for 
the lever, or levers, which supply the place of the wheel. * 

246. Windmills, lathes, the common windlass, used for drawing 
water from wells, and the large wheels in mills are all constructed 
on the principle of the wheel and axle. 

247. Wheels are a very essential part to most machines ; they are 
applied in different ways, but when affixed to the axle their me- 
chanical power is always in the same proportion ; that is, as the 
circumference of the wlieel exceeds that of the axle, so much will 

242. By what are wheek sometimes tamed f What figure represaats one f 
In what way can the motion be made direct or revenied f What does Fig. 35 
represent i Fig. 36 i 243. In what way can different directions be giTen to 
tbt motion produced by wheels i What does Fig. 37 represent ? Fig. 38 f 

244. Upon what principle are the wheel and axle constructed ? Explain how. 

245. Upon what principle is the capstan on board of vessels constructed f Ot* 
what does it consist? 246. What other things are mentioned as constructed 
upon this principle i 247. Are wheels an essential part to most machines f 
▲re they appUeil in more than one way f Whea they are affixed to the axle, 
itt what proportion is the power iaeressed i 
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the power be increased. Therefore the larger the wheel aod the 
■mailer the axle, the greater will be the power obtained. 

248. Fly wheels are heavy wheels used to accumulate power and 
distribute it equally among all the parts of a machine. They are 
caused to revolve by a force applied to the axle ; and when onoe 
set in motion continue by ibeir inertia to move for a long time. 
As their motion is steady and without sudden jerks, they serve to 
steady the power, and cause a machine to work with regularity. 

249. Cranks are sometimes connected with the axle of a wheel, 
either to give or to receive its motion. They are made by bending 
the axle in such a manner as to form four right ^ig. 39. 
angles facing in different directions, as is repre-. 
sented in Fig. 39. This is seen in lathes and niany 
other kinds of machinery. Cranks are often used 
to change the motion from rectilinear to circular, 
or from circular to rectilinear. 

250. The iaclined plane consists of a plain surface 
inclined to the horizon. 

' 251. Illustration, Fig. 40 represents an inclined plane. C A its 
height, C B its length, and W a weight which is to be moved en 
it. The advantage gained by the use of Fig- ^' 

the inclined plane is in proportion as the _. g^ 

length of the plane exceeds its perpen- ^^^P-^C 

dicular height^ Thus, m this figure, if ^ — I 

the length C B be four times the height B ^"^^ lA . 

C A, then a power of one poyi^id will balance a weight of four 
pounds on tlie inclined plane. 

25*2. The greater the inclination of the plane, the greater must be 
its perpendicular height, compared with its lenorth, and, of course, 
the greater must be the power to elevate a weight along its surface. 

253. Instances of the application of the inclined plane are very 
common. Sloping planks of pieces of timber leading into a cellar, 
and on which casks are rolled up and down ; a plank or board with 
one end elevated on a Btep,fur the convenience of trundling wheel- 
barrows, or rolling barrels into a store, dx., are inclined planes. 

254. The advantage gained by the use of the inclined plane, like 
that of the other mechanical powers, is attended by a loss of time ; 
for the weight, instead of moving directly up the ascent, must move 
the whole length of the plane. 

255. Chisels and other cutting instruments, which are chamfered 
or sloped only on one side, are constructed on the principle of the 
inclined plane. 

248. What are fly wheel8,.and (br what are they used ? How are tfirey made 
to revolve ? When once set in motion, whHt causes them to move on for soms 
time? Of what service are ihey in a machine? 249. For what are cranks, 
•ometlmes, connected with the axle of a wheel ? How are they made * What 
does Fig. 39 represent f For what are cranks often used } 250. What is an 
inclined plane f What figure represents an inclined plane ? Explain the fij^re. 
To what is the advantagie gained by the use of the inclined plane in proportion f 
252. What follows fVom the greater or less incHuaiion of thp plane ? 253. Give 
some instances of the application of the inclined plane. 254. Is any time 
gained bv the use of the Inclined plane ? Upon what principle are chisels and 
otber cutting insuuments, which are sloped only on one side, constructed f 
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956. The wedge consists of two inclined planes unit- 
ed at their bases. 

257. lUitstration. Ttg. 41 repiesents a wedge. The p|^ ^^ 
line a h represents the Ease of each of the inclined planes 

of which it IS composed , and at which thev are united. ' 

258. The advantage gained by the wedge is in propor- 
tion as its length exceeds one half its width. 

The wedge is a very important mechanical power, used 
to split rocks, timber, &c.j which could not be effected by 
any other power. b 

259. Axes, hatchets, knives, and all other cutting instruments 
chamfered, or sloped on both sides, are constructed on the principle 
of the wedge. 

260. The screw consists of an inclined plane, wound 
round a cylinder. It is generally composed of two 
parts, the screw and the nut ; or, as they are generally 
called, the convex and concave screw. 

261. Illustration, Fig. 42 represents the screw and the nut. 8 
is the convex screw, (which is an inclined plane 
wound round a cylinder,) Jf is the nut, or concave 
■crew, which has a spiral groove, to which the 
thread of the convex screw is accurately fitted. L 
is a lever attached to the nut, to which the power is 
applied. By turning the lever pjg. 43, 
in one direction the nut ascends, Li 
and by turning it in the opposite 
direction, the nut descends on the 

■crew.* In this figure the screw is fixed, and 
the nut is movable. 

262. Fig. 43 represents another screw, which 
is movable. The nut is fixed to the frame, and the 
■crew ascends or descends as the lever L is turned. 

* Altboogh the sersw Is mentioned aa one of the six mechanical powera, it is, 
in reality, a compoond power, consisting oTa lever and an inclin4M) plane. The 
power of the screw is estimated by the distance of the threads. The closer the ' 
threads the greater is the power } but here, again, the increase of power is pro- 
cored by an increase of velocity, or a loss of time. For if the threads be a 
quarter of an inch apart, the power most move through the whole circumfer- 
ence of the circle described by the lever, in order to move the resistance a quar- 
ter of an inch. The screw, with its appendage the lever, is therefore used for 
the purpose of moving large or heavy bodies throogh small distances. Its power 
may be increased by lengthening the lever. The screw is applied to presses of 
all kinds where great power is required, such aa book-binders' presses, cider and 
wine presses, Ac 

256- Of what does the wedge consist f 257. What does Fig. 41 represent f 
268. To what is the advantage gained by the wedge In proportion f Of what 
use is the wedge f Give some examples of the wedge. 260. Of what does the 
screw consist? Of how many parts is it generally composed.' What are 
they? 261. What figure represents the screw and the nut? Explain the 
figure. How does Fig. 43 difl%r ft-om the 42d ? Tfote. Ts the screw a simple or 
compound power ? How is the power of the screw estimated ? How does the 
closeness of the thread aflfect the power ? What is the use of the screw f 
How can its power be increased ? To what is the screw applied ? 
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263. All machineB, instruments, implements, &c,f are composed 
of one or more ot the mechanical powers* 

264. By friction in machinery is meant the resistance which 
bodies meet with in rubbing against each other. 

265. There are two kinds of friction, the rolling and the slidingr. 
The roUingr friction is caused by the rolling ora circular body. 
The sliding friction is produced by the sliding or dragging^ of a 
flat surface. The sliding friction is overcome with more ditnculty 
than the rolling. In calculating the power of a machine, an allow- 
ance must always be made for friction. It is usually computed 
that friction destroys one third of the power of a machine.! 

266. Friction is caused by the uneveniiess of the surfaces which 
come into contact ;t and it is diminished in proportion as the sur- 
fiices are smooth and well polished. Oil, grease, black lead, or 
powdered soap-stone, is used to lessen friction, because they act as 
a polish by filling tip the cavities of the rubbing surfaces, and thus 
making them slide more easily over each other. 

* From what has been stated with regard to the mechanical powers, it ap- 
pears that by their aid a man is enabled to.perrorm works to which his un- 
assisted natural strength is wholly inadequate^ But the power of all machines 
is limited by the strength of the materials of which they are composed. Iron, 
which is the strongest of all substances, will not resist a strain beyond a certain 
Kmit. lis cohesive attraction may he destroyed, and it can withstand no re- 
sistance which is stronger than its cohesive attraction. Besides the strength 
of the materials, it is necessary, also, to consider the time which is expended in 
the application of mechanical assistance. Archimedes is said to have boasted 
to Hiero, king of Syracuse, that, if he would give him a place to stand upon, he 
would move the whole world. In order to do this, Archimedes must himself 
have moved over as much more space than he moved the world, as the weight 
of the world exceeded his own weight; and it has been computed that he must 
have moved with the velocity of a cannon ball for a million of years, in order to 
move the earth the twenty-seven millionth part of an inch. 

t The smallest impediment firom friction is when flnely-polished iron is made 
to rub on bell metal ; but even these are said to lose about one eighth of their 
moving power. As the friction between rolling bodies is mueh less than in 
those that drag, the axle of large wheels is sometimes made to move ou small 
wheels or rollers. These are called friction wheels, or f>ictlon rollers. They 
turn round their own centre as the wheel continues its motion. 

t,A'^ bodies, how well soever they may be polished, have inequalities in 
their surfaces, which may be perceived by a microscope. When, therefore, the 
surfaces of two bodies come into contact, the prominent parts of the one will 
often fall into the hollow parts of the other, and cause more or less resistance 
to motion. 



263. Of what are all maohinee, instruments, implements, dso., composed ? 
What aid is afforded to man by the use of the meohanioal powers.' By what 
U the power of all machines limited f Can the cohesive attraction of iron be 
deslroyed ? Can it withstand any resistance stronger than its cohesive attrac- 
tton ,' What besides the strength of the material, is necessijry to be considered .' 
2L wru [^}^^^ of Archimedes ? How could Archimedes have done this? 
264. What is meant by flriction in machinery ? 265. flow many kinds of frlo 
llon are there ? What are they ? 'How is the rolling friction produced f The 
WWingr Which Is overcome with the less difficulty, the rolIln« or sliding? 
What allowance must always be made, in calculating the power of a machine .» 
What proportion of the power is usually computed to be destroyed by friction? 
Where is there the lewi friction? Between which is fHction the less. rolUn* 
bodies, or those that slide? 266. What causes friction? In what proporuS 
is it diminished ? In what manner can it be lessened ? 
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967. Wheeh ^re used on vehicles to diminish the frietion of tho 
road. The larger the circumference of the wheel, the more readily 
it will overcome any obstacles, such as stones, or inequalities in the 
road.*^ 

268. The motion of all bodies is influenced by the 

mediumt in which they move. By a medium is meant 

the substance or fluid which surrounds the body. 

Thus, air is the medium which surrounds a bird wlien flying) 
water is the medium which surrounds the fish when swim' 
mtng, &c. 

269. The resistance of a medium is in exact propor- 
tion to its density. 

A body falling through the air meets with less resistance than 
when fallin? through water, because water is a denser medium 
than air. if a machine could be worked in vacuOy (that is, in a 
vacuum, or a space where there is neither air nor any thing else ta 
imoede it,) and without friction, it would be perfect. 

270. The main-spring of a watch {see No, i02) consists of a lon^ 
ribbon of steel, closely coiled, and contained in a round box. It is 
employed instead of a weight, to keep up the motion. 

271. As the spring, when closely coiled, exerts a stronger force 
than when it is partly loosened, in order to correct this inequality, 
the chain through which it acts is wound upon an axis surrounde4 
by a spiral groove, (called a/iuee,) gradually increasing in diameter 
from the top to the bottom ; so that, in proportion as the strength 
of the spring is diminished, it may act on a larger lever, or a larger 

wheel and axis. p., aa 

272. mustration^TigAA - ** 
represents a spring coiled 
in a round box. A B is 
the fusee, surrounded by a 
spiral groove, on which the 
chain C is wound. When 
the watch is recently 
wound, the spring is in the 

♦ In descending a eteep hill, the wheels of a cacriage are often /ecAced, (ae it 
is called,) that is, fastened in such a manner as to prevent their turning; and 
thus the rolling is converted into the iliding flriction, and the vebicle descends 
more safely. 

Castors are pot on the legs of tables and other articles of Airniture, to facil- 
itate the moving of them*, and thus the sliding is convened into the roiUng 
friction. 

t The plural of this word is media. 




267. What is the use of wheels i In what proportion dp they overcome the 
obstacles, such as stones, &c, in tlie road ? Why, in descending a steep hiU, are 
the wheels of a carriage often loclied i How do castors, which are put apon 
furniture, fteilitate the moving of it ? 268. How is the motion of all bodies 
influence ? What is meant by a medium i 269. To what is the resistanoo 
of a medium in proportion i What illustration is given f When would a ma* 
ehine be perfect? 270. Of what doeaahe main-spring of a watch consist? 
What Is its ose ? Does the spring exert a stronger force when closely coiled, 
or when partly loosened f What is done in order to coirect this inequality ( 
272. What does Fig. 44 represent .' Explain. 
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greateat state of tension, and will, therefore, torn the fusee by the 
smallest groove, on the principle of the wheel and axle. As the 
spring loses its force by being partly unwound, it acts upon the 
larger circles of the fusee ; and the want of strength in the spring is 
compensated by the mechanical aid of a larger wheel and axle in 
the larger grooves. By this means the spring is made at all times 
to exert an equal power upon the fusee. The n^otion is communi- 
cated from the fusee by a cogged wheel which turns with the fusee. 

273. The name of gifvertwr has been given to an ingenious piece 
of mechanism, which is used to regulate the supply of steam in 
8team>eneines, and of water in water-mills. 

274. Illustration. Fig. 45 represents 
a governor. A B ana A C are two 
levers or arms, loaded with heavy balls 
at their exiremities, B and C, and sus- 
pended by a joint at A upon the ex- 
tremity of a revolving shaft, A D. At 
a is a collar, or sliding box, connected 
with the levers by the rods b a and e a, 
with joints at their extremities. When 
the shafl A D revolves rapidly, the 
weights B and C will diverge, or fly 
off, and cause the rods b a and e a to 
raise the collar or sliding-box. On the 
contrary, when the shafl A D revolves 
slowly, the weights B and will fall ^< 
by their own weight, and the rods b a 
and c a will cause the collar a to de- 
scend. The steam-valve in a steam-engine, or the sluice-gate of a 
water-wheel, being connected with the collar a, the supply of steam 
or water, which puts the works in motion, is thus regulated.* 

275. The knee-joint, orj as it is sometimes called, me toffgle-jomtf 
consists of two rods or bars connected by a joint, and mcreasing 
rapidly in power as the two rods approach to the direction of a 
straight line. 

276. lUustration. Fig. 46 represents a toggle- 
joint. A C and B C are the two rods connected 
by a joint O. A moving force applied in the 
direction C D acts with great and constantly 
increasing power to separate tiie parts A and B. 

The operation of the togrgle-joint is seen in the 
iron joints which are used to uphold the tops of 
chaises.^ It is also used in various kinds of print- 
ing-presses, to obtain the greatest power at the moment of impres- 
sion. 

* In manufactures, there is one certain and determinate velocity with which 
the machinery should be moved, and which, it increased or diminished, would 

273. What is a governor ? Explain Fig. 45. What is said in the note of the 
use of the governor f 275. Of what does the Icnee-joint, or toggle-joint, consist i 
In what proportion does it increase in power? 276. What does Fig. 46 rep- 
resent i Explain the figure. Give an instance of the operation of the toggto- 
Joint. What is iu use in printing-press^ i 
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SECTION IX. 

Hydrostatiei, 

277. Hydrostatics treats of th^ nature, gravity, and 
pressure of flu ids . ( See JVb . 6 . ^ 

278 . A fluid is a substance wnich yields to the slight- 
est pressure, and the particles of which, having but a 
slight degree of cohesion, move easily among them- 
selves. \8et JVb. 20.) 

279. A liquid difl^ers from a fluid in its degree of com- 
pressibihty* and elasticity. (8tt J>rumbera 67 and 70.) 

280. Fluids gravitate in a more perfect manner than solids, be- 
eause the strong cohesion of the particles of solid bodies in some 
measure counteracts the effects of gravity. 

281. From the slight degree of cohesion in the particles of fluids, 
it is inferred that they must bo small, smooth and globular; smooth, 
because there appears to be no friction among them ; and globular, 
because their touching each other but by a point will account for 
the slightness of their cohesion. 

282. Fluids cannot be formed into figures, or preserved in heaps 
«n account of their want of cohesion.! 

lender Uie machine unfli to perform the work It is designed to execute. Now, 
it frequently liappens that the resistance is increased or diminished by some 
of the machines which nre worliedi Ixiing stopped, or others put on. The 
moying power, having this alteration in the resistance, would impart a greater 
or less velocity to the machinery, were it not for (be regulating power of the 

governor, which increases or diminishes the supply of water or of steam, which 
I the moving power. 

* The experiments (mentioned in No. 29) made at Florence, many years ago, 
seem to prove that some kinds of liquids, water, for instance, is wholly in- 
compressible. Later experiments, particularly those of Mr. Jacob Perkins, of 
Newbaryport (now in London), have proved that water is capable of a consid- 
erable degree of compression. Fluids, in general, have a voluntary tendency 
to expand (5ee No. 77) when at liberty; but liquids will not expand without a 
diange of temperature. Heat is supposed to be the primary cause of the fluid 
form of bodies. (See iVb. 70.) It insinuates itself between the particleaof 
bodies, and forces them asunder. Thus, for instance, ice, without heat, ia a 
solid t with heat it becomes water, and, with a greater d^ree of heat, it ex- 
pands into an elastic fluid, called Heam. 

t Although fluids have but a slight degree of eohegive attracttoa, they ars 

277. Of what does Hydrostatics treat f 278. What is a fluid f Does the 
attraction of cohesion have much influence on the particles of fluids ? What 
follows fVom this f 279. How do fluids and liquids differ from each other f 
Can water be compressed f What is supposed to be the primary cause of the 
fluid fbrm of bodies f What effect has heat upon bodies f What illiutration Is 
given } 280. Why do fluids gravitate in a more perfbct manner than solids f 
281. What is inferred from the slight degree of cohesion in the particlea 
ol* fluids ? Why smooth i Why globular f 283. Why cannot fluids be Ibrmsd 
into figures, or preserved in heaps f 

5 
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283. By the level or equilibrium of fluids is meant that 
every part of the surface is equally distant from the centre 
of the earth ; that is, from the point to which gravity tends. 

lUustratum. All fluids have a iMidency to preserve this equi- 
librium. Hence the surface of all fluids, when in a state of rest 
must partake of the spherical form of the earth. This level or 
equilibrium of fluids is the natural result of the independent gravi- 
tation of each particle. / The particles of a polidbody being dnited 
by cohesive attraction, if any one of them be supported, it will up- 
hold those also with which it is united. But when any particle of a 
fluid is unsupported, it is attracted down to the level of the surfliee 
of. the fluid; and the readiness with which fluids yield to the 
slightest pressure will enable the particle, by its own weight, .to 
penetrate the surface of the fluid and mix with it 

284. Fluids of different decisities all preserve their 
own equilibrium. 

285. Illustration: If a quantity of mercury, water, oil, and air, 
be put into the same vessel, they will arrange themselves in the 
order of their specific gravities, (See J^clOO.) The rnercury will 
sink to the bottom, the water will stand above the mercury, the oil . 
above the water, and the air above the oil ; and the upper and un- 

afibcted by a force called capillary attraction, by* which they are rained above 
their levels in capillary tubes, or tubes the bores of which are exceedingly, 
•mail. Thus, If a small glass tube be plniced in water, the water on the i'nside 
will rise above the level of that on the o'utside of thte tube. The cause of this- 
aeems to be nothing more than the ordinary attraction of the particles of matter 
for each other. The sides of a small orifice are so near iq each other as t^o 
attract the particles of the fluid on their oppbsite sides j and as all attraction u 
strongest in the direction df the greatest quantity of matter, the water i» raised 
upwards, or in the direction of the length <)f th'e tube. -On the outside of the 
tube, the opposite surfaces cannot act on the same column of water, and there- 
fbre the influence of attraction is here hardly perceptible in raising the fluid. 

AH porous substances, such as sponge, bread, linen, sugar, d&c., may be con- 
sidered as eoUections of capilfary tubes*, and, for this .reason^ wat^r and other , 
liquida will rise in them, when they are partly immersed. 

It is on the same principle that the' wick' of a lamp will carry up the oil to 
supply the flame, although the flame is several inches above (he level of the oil. 
If the end of a towel happen to be leA in a basin of water, it will empty the 
basin of itis contents. And, on the same principle When a dry wedge of wood is ■ 
driven into the crevice of a rock, and afterwaiids moistened with water, as 
when the rain falls upon it, it will absorb the'water, swell, and sometimes split 
the rock. In this manner, mill stone quarries are worked in Germany. 

A beautiful experiment, dependent on the. same principle of capillary attrac- 
tion, may be thus performed.: Take twp pieces of flat glass* Joined together at 
one side, and separated at the other by a thin strip of wood, card, .or other sub- 
stance. When thus prepared, immerse the glass in colored water, having previ- 
ously wet the inner surface. The water will then rise between the pieces of 
glass, forming a beautiftil carve, the higher part appearing where the pieces of 
glass are in contact. 



283. What is meant by the level or equilibrium of fltiids f Have all fiafds 
a tendency to preserve this equilibrium .^ What (bllows firoin this? Of what 
is this level or equilibrium of^ fluids the natural result f Bow does the gravi- 
tation of solid bodies difibr from that of fluids f 284. Do fluids of difiereBt 
densities all preserve their own equUibriam? What iUnstration is gtven to 
provstbis? 
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dftr Bor^c^ of each floid will parUke of Ihe tplierical form of tli9 
earth, to which they all respectively gravitate. 

. ^.6. A water-level i;s an instrument constructed on 

the principle of the equilibrium of fluids. It consists of 

a glass tube, partly filled with water, and closed at both 

ends. When the tube is not perfectly horizontal,— 

that is, ifone end of the tube be lower than the other, — 

the water will run to the lower end. By this means the 

level of any 'situation to which the instrument is applied 

may be ascertained. 

287. lUustration. Fig. 47 represents a wa- ^^Z' ^« 

tier-level. A B is a ^lass tube partly filled with ^ ^ ° 

water. C is a bubble of air occupying the d ^ ^ — ^ b 
space not filled by tlte water.. .Wh.e.n both 
ends of the tube are ori a level, the air bubble will remain in the 
centre. of the tube; but if either end of the tube be depressed, the 
water will descend and the air bubble will rise. The glass tube 
when used is generally set in a wqoden or brass box. It is an in- 
strntoient mocli used by carpenters, masons, surveyors, &o. 

288. Solid bodies, therefore, gravitate in masses, — 

their parts being so connected as to form a whole, their 

weight is concentrated in a single point called the centre 

of gravity ; (seeJ^o, 164;) while every particle of a fluid 

may be considered as a separate mass, gravitating inde* 

pendehtly of ^ach other. 

It is for this reason that a body of water, in falling, does less in- 
jury than a solid body of the same weight. ' But if the water be 
converted into ice, the particles loising their fluid form, and being 
united by cohesive attraction, gravitate uhitedly in one mass. 

289«. Fluids not only press downwards like solids, but 
also upwards, sideways, * and in every direction. So 
long as the equality of pressure is undisturbed, everj 




& 



* If the particles of fluids were arranged in ref- 
alar columns an in Fie. 48, there would be no Fig. 48. 
lateral pressure i for when one particle is perperi- x-v-w^ Pi*. *•• 
dicolarly above the other, it can press only doiim- ' » » » » ^ 

wards. But if the particles be arranged as in Fig. 
49, where a particle presses between two particles 
bMieath, these last mast suffer a lateral pressure. 
In whatever manner the particles are arranged, If 
they beglabular, as is supposed, there must b0 
spaces between them. See Fig. 1st, page 3. 

286. Upon what principle is a wafer-leyel eonttmcted f Of what does It eoD- 
alst f For wliat if it used f 28?. What figure represents a water-level f Ba* 
plain the figure. 288. In what manner do solid bodies gravitate f What is th« 
centre of gravity f What eflbct has gmvity oa the particles of flaida f How 
kmg will the particles of fluids remaio at rest f Eipiaia Pif. 48. What ddsi 
Fif , 49 rspreseat ? 
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particle will remain at rest If the fluid be disturbed bj 
agitating it, the equality of pressure will be disturbed, 
and the fluid will not rest until the equilibrium is re- 
stored. 

290. JUustratum. The downward pressure of fluids is shown by 
makinff an aperture in the bottom of a vessel of water. Every par- 
ticle of the fluid above the aperture will run downwards Uuroogh 
the opening. 

^ 291. The lateral pressure is shown by making the aperture at the 
side of the vessel The fluid will then escape uirough the aperture 
at the side. 

292. The upward pressure is shown by taking a glass tube, open 
at both ends, putting a cork into one end, (or stopping it up with 
the finger,) and immersing the other in the water. The water will 
not rise in the tube. But the moment that the cork is taken out, 
(or the finger is removed,) the fluid will rise in the tube to a level 
with the surrounding water, y^ 

293. The pressure of a fluid is in proportion to the 
perpendicular distance from the surface ; that is, the 
deeper the fluid the greater will be the pressure. This 
pressure is exerted in every direction, so that all the 
parts at the same depth press each other with equal 
force. 

294. lUustrations. A bladder, filled with air, being immersed in 
water, will be contracted in size, on account of the pressure of the 
water in all directions ; and the deeper it is immersed the more will 
it be contracted. 

295. An empty bottle, being corked, and by means of a weight 
let down to a certain depth in the sea, will either be broken by the 
pressure, or the cork will be driven into it, and the bottle be filled 
with watjer. This will take place even if the cork be fastened with 
wire and sealed. But a bottle filled with water, or any other liquid, 
may be let down to any depth without damage, because, in this 
case, the internal pressure is equal to the external.* 

* ** ExperimenU at »ea. — We are indebted to a fl-iend, who has Just arrived 
from Europe, saya the Baltimore Gazette, for the following experiments made 
on board the Charlemagne : 

**26th of September, 1836, the weather being calm, I corked an empty wine 
bottle, and tied a piece of linen over the cork ', I then sank it into the sea six 
hundred feet *, when drawn immediately up again, the cork was inside, the linen 
remained as it was placed, and the bottle was filled with water. 

"I °Mt made a noose of strong twine around the bottom of the cork, which I 
forced into the empty bottle, lashed the twine securely to the neck of the bottle, 

290. How is the downward pressure of fluids shown ? The lateral pressure ? 
The upward pressure ? 293. To what is the pressure of a fluid in proportion ? 
in what direction Is this pressure exerted .' What illustrations are given to 
prove this f Why can a bottle, filled with water, or any other liquid, be let 
down to any depth without injury ? What experiment Is mentioned in tlia 
note ? '^ 
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. 2S6. From what has now been eiated, it appetM tkat the htend 
poMRire proei^df entirely from the preMure downwards, or, in other 
words, from the weight of the liquid ahove ; and that eonseqoentlj 
the lower an orifice is made in a vessel containing^ water or any 
other liquid, the greater will be the force and velocity with whien 
the liquid will rush out. 

297. lUnttration. Fig. 50 represents a ves- 
pel of water^ with orifices at the side at diifer- 
ent distances from the surface. The different 
curves in that figure,, describing the course of 
the liquid in running out of tli^ yessel, show 
the force of the pressure on the liquid at dif- 
ferent depths. At A the pressure is the least, 
because tnere is let^s ^eiffht of fluid aix>veit J^~\ 
At'B and C the fluid is driten downwards bv 
the weight of tbatportion aboye, and it will be strongest at C. 

2961 As the lateral pressure arises solelv from the downward 
pressure, it is not affected by the width or the length of the vessel 
m which it is contained, but merely b^ its depth ; S>r as every par- 
ticle acts independently of the rest, it is onlj the column of particles 
immediatelj above the orifice that can weigh . upon and press out 
the water.. 

299. The lateral pressnre on one side of a cubical vessel will be 
equal only to half or the pressure downwards; for everj^ particle at 
the bottom of the vessel is pressed upon by a column of the whole 
depth of the fluid, whilst the lateral pressure diminishes from the 
bottom upwards to thie surface, where the particles have no pres- 
sore. 

300. The upward pressure of fluids, although apparently in oppo- 
sition to the principles of g^vity, is but a necessary consequence 
of the operation of that principle ; or, in other words, the pressure 
upwariM as toeUas the nressure doienwdrds is caused by gravitjjr* 

301. lUustradon. When water is poured into a vessel with a 

and rank the bottle six hundred ftet. Upon drawing ft np immediately, the cork 
was found inside, having forced its way by the twine, and in ao doing had 
broken itself in two pieces ; the bottle was filled with water. 

**! then made a stopper of white pine» long enough to reach to the bottom ot 
the bottle; ailer forcing this stopper into the bottle, I cut it off about half an 
inch above the top of the bottle and drove two wedges, of the rame wood, Into 
the stopper. I sank it 600 feet, and upon drawing it np immediately the stop- 
per remained as I placed it, and there was about a gill of water in the bottle, 
whieh remained unbroken. The water most have forced iu wav through the 
porea of the wooden stopper, althoagh wedged as aforesaid *, and had the bottis 
remained sunk long enoughi there is no doubt that it would have been flllsd 
with water.'* 

It is the opinion of some philosophers that the pressure at very great depths 
of the sea is so great that the water is condensed into a solid state } and that at 
or near the centre of the earth this preasura converu tha whole into a solid 
mass of fire. 

396. What causes the lateral pressnre f What foUows flwm this f Bxpiain 
Fig. fiO. 298. Does the length or the width of the vessel in which it is ooa- 
talned have anv eflbct upon the lateral prassore f By what is it aAeted f S9t. 
How does the lateral pressure on one aide of a pnbfal vessel compare with the 
pressure downwards f How would yon explain this f 900. What cnmm ^ 
apwsrd aad downward p r ess ur e s f 

5# 
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^peiit (lik€ a tea-pot, for inBtonce), the water risea in the spoot to a 
leyel with that in the body of the yessel. The particles of water at 
the bottom of the Tesael are pressed upon by the particles above 
them, and to this pressure they will yield, if there is any mode of 
making way for the particles aoove them. As they cannot descend 
through the bottom of the yessel they will 
change their direction and rise in the spout. 
Fig. 51 represents a tea-pot, and the columns 
of dbUs represent the particles of water magni- 
fied. From an inspection of the figure it ap- 
pears that the particle numbered 1, at the bot- 
tom, will be pressed laterally by the particle 
numbered % and by this pressure forced into 
the spout, where meeting with the particle 3 it 
presses it upwards, and Uiis pressure will be continued from 3 to 4, 
from 4 to 5, and so on till the water in the spout has risen to a level 
with that in the body of the vessel. If water be poured into the 
■pout the water will rise in the same manner in the body of the 
yessel ; from which it appears that the force of pressure depends 
entirely on the height, and not on the length or breadth of the 
column of fluid, as is stated in No. 298.^^ 

302. The Hydrostatic Bellows. From what has now been stated 
it appears that any quantity of fluid, however small, may be made 
to counterpoise or balance any quantity, however large. This is 
called the hydrostatical paradox, and it is shown by an inatnunent 
called the hydrostatical bellows. 

303. Fig. 52 represents the hydrostatic 
bellows. A B is a long tube, one inch 
square. C D £ F are the bellows, consist- ^ 
ing of two boards, eight inches square, con- 
nected by broad pieces of leather, or India 
rubber cloth, in the manner of a pair of 
common bellows. By putting one pound 
of water in the tube, it wUI raise sixty-four 
pounds on the bellows.* ^he Hydrostatic 
Bellows belonging to ** the Boston Sciiool 
set " are eight inches square, marked into 
sixty-four square inches, on the top, — or 
into sixteen squares of two inches each. 
There are two square tubes connected with B 
the bellows, one of one inch and another of 
two inches in diameter, or a sixty-four and 
a sixteenth of tlie surface of the bellows. If 
a pound of water be put into the larger tube, F I' 

* Tile fandainental principle of mechanics or the laws of motion is liors also 
in fliil force, namely, that what.is trained in power is lost either in timio or in 
•pace ; for although one pound is here made to raise sixiy4bur pounds, it is Co 
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nittstnte this by Fif; . 61 . Upon what does the force of pressure depend f What 
is meant by the hydrostatic paradox f What is the use of the hydrostatic bel- 
lowMf What Fig. represents the hydrostatic bellows f Explain the Fig. What 
is the fiiudamental principle of mechanics ! U this the principle of the hydro- 
sCatifi bellows i 
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riitMn panB«b ns; ber^Md on the bellow*; but if it ba put iet* 

tbe imaller tnbe it will rain liitfrour poimdi. 

304. When the bellow* have been filled with wster, turn the 
ftopcock ; take out the tube uid aubilitule the itmieht jet, (Su 
Fig. 72,) &ad the water will be forced out to a beiAt nearl; u 
great u that of the water in the lube. Were it not Tot the reuJ^ 
uce of the air it would liee to the ume height. 

^''-305. If water be confined in any vessel, and a pres- 
sure to any amount be exerted oa a square iach of that 
water, a pressure to an equal amount will be transmit- 
' ' " ' jrface of the vessel in 
iniined.* 

. miutraliim. Il ia Flf.U. 



WBler-tij|ht in a cylinder 
CD. The Bpu» beneath 
the pjaloo ii filled with 

b; a- pipe E F with a ■■nill 
farcing- pump worked bj a 
the piilon G, bj which the f 
water i> forced into the 

chamber of the cylinder C D below the ^eat piston. Let us now 
■uppoae the entire space between the two pratons to be filled with 
water, aiid n preuure of one pound eiertf d oa (he water by mesaf 
of the piiton G of the forcing-pump. Let us also suppoie that the 
diameter of* the piaton G ia a quarter of an inch, and ihat the diam- 
eter of the piston B is one foot. In that case the base of the piston 
B, which is prewed by the watcr.js 23(14 timea the baaeaf (he piaton 
G, which preaaes the waler. and in victue of the power of transmit- 
ting preSFUre, a prcaaiire of one pound will be liansmltted to erery 
part of the biae of llw greater piston, which is eqoal to the base of the 
ten. Thus an urging pressure of one pound on the base of the pia- 
ton O, will produce a preaiure of 2304 Ibg. against the base of tbe 
greater piston Q. 

be remarked Ihat the dlilsnee or betghl lo wbicli tAs ilitT-tbnr naanda urili 



Iram^'a livdroi 
he Flf . tVAu 
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307. A fluid specifically lighter than ahptber fluid 
wOl float upon its surface.* 

308. A body specifically lighter than a fluid will sink 
in the fluid until it has displaced a portion of the fluid 
eqyal in weight to itself. 

309. JUustratUm. If a piece df cork is placed in a vessel of 
water, about one third part of the cork will sink below, and the re- 
mainder wiJJ stand above the surface of the water; thereby displae- 
ing a portion of water equal in bulk to about a third part or the 
cork, and this quantity of water is equal in weight to the whole of 
the cork ; because the specific gravity (See JVb. liM)) of water is about 
thlree times as great as that ofcork.T 

310. The standard which has been adopted to esti- 
mate the specific gravity {See JVb. 100) of substances in 
general, is rain or distilled water. 

311. Eocplanation. As heat expands and cold condensed all 
metals, their specific gravity cannot be the same in summer that it 
is in winter. For this reason they will not serve as a standard to 
estimate the specific gravity of other bodies. The reason that dt9- 
HUedwikter is used is, that sprijDg, well, or r|ver water is seldom 
perfectly pure ; and the various substances mixed with it aH^t its 
weight. Taking j therefore, a certain quantity of rain or distilled 
water, we find uat a quavtihj of gold, equal in bulk to the water, 
will weigh nearly twenty times as much as the water; of lead, 
nearly twelve tim^s as much; while oil, spirit, cork, <&c. will 
weigh less than the water.t 

engine itself is constracted* It also enables ns with great ilidlity to transmit 
the motion aad force of one machine td another, -in cases where local circum- 
stances preclude the possibility of insiltutinrg any ordinary ihecbapical con- 
nexion between the tWo -machines. -Thus, merely by means of water-pipes, 
the force of a machine may be transmitted to any distance, aiid over inequali- 
ties of ground, or through any other olMtrnctions. ' 

* The slaves in the West Indies, it is KiUd, Steal rum by inserting the long 
neck of a bottle, ftall of water, through the top aperture of the rum cask. The 
water flills out' of the bottle into the cask, while the lighter mm ascends in its 
stead. 

t It is on the same principle that boats^ ships, 6cc. although composed of ma- 
terials heavier than water, are made, to float. From rheir peculiar shape they 
are made to set lightly oh the water. . The extent of the surface presented to 
the water counterbalances the weight of the materials, and the vessel sinks to 
such a depth as will cause it to displace- a portion of water equal in weight |o 
the whole weight of the vessel. From a knowledge -of the specific gravity of 
water, and the materials of which a vessel is composed, rules have bMU formed 
by which to estimate the tonnage of vessels — that is to say, the weight which 
the vessel will sustain without sinking. 

X The following table shows the specific gravity of the substances therelB 



307. When will one Auid float upon another t 308. What is stated with re- 
gard to a body specifically lighter than a fluid f What illustration of this ia 
given f How do the specific gravities of water and cork compare with eaeh 
odisr f Upon what principle is it that boats, ships, Ac. are mode lo float upon 
the water f What rules have been fbrmed A-om the knowledge of the specifie 
gravity of water and the materials of which vessels are composed? 810. What 
•Caadvd has been adopted to estimate the specific gravity of subsianees in gene- 
ral? Why could not metals have been adopted / Why Is distilled water wed? 
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S12. The .specific gravity of bodies that will sink in 
water is ascertained by weighing them first in water, 
and then out of the water, and dividing the weight out 
of the water by the loss of weight in water. 



Fig. 54. 



313. Fig. 54 represents the scales for 
ascertaining the specific gravity of bodies. 
One scale is shorter than the other, and a 
hook 18 attached to the bottom of the scale 
to which substances, whose specific gravi- 
ty is sought, may be attached and sunk in 
water. 

314. lUttstroHon. Suppose a cubic inch 
of gold weighs 19 ounces when weighed 
out of the water, and but 18 ounces* when 
Weighed in water — the loss in water is 
one ounce. The weight out of water, 19 ounces, being divided by 
one (the loss in water) gives 19. The specific gravity of gold, then, 
would be 19, or, in other words, gold is nineteen times heavier than 
water. 

mentioned. It is to betinderBtood that all substances whose specific gravity is 
greater than water, will 9\nk when immersed in it, and that all whose specifle 
gravity is less than that of water, will float in it. Let us then take a quantity 
of water which will weigh exactly one pound ; a quantity of the substaiuSc* 
specified in the tnble, of the same bulk, will weigh as follows : 




Platinum, 23. pounds. Chalk, 1.793 pounds. 



Fine Gold, 19.640 
Mercury, 14.019 



Lead, 

Silver, 

Copper, 

Iron, 

Marble, 

Glass, 



11.525 
11.091 
9.000 
7.645 
2.705 
3.000 



Living men, .891 pounds. 
Ash, .800 

Beach, .700 

Elm, .600 

Fir, .500 

Cork, 240 

Common Air, .0011 
Hydrogen gas, .000105 < 



Coal, 1.250 

Mahogany, 1.063 

Milk, 1.034 

Box wood, 1.030 
Rain water, 1.000 

Oil, .920 

Ice, .908 

Brandy, .820 

A cubic foot of water weighs one thousand avoirdupois ounces. By malti- 
plying tlie number opposite lo any article in the above table by one thousand, 
we obtain the weight of a cubic foot of that article, in ounces. Thus a cubic 
Ibot of platinum is 2S000 ounces in weight. 

In (he above table it appears that the specific gravity of living men is aboat 
one ninth less than that of common water. So long, therefore, as the lungs can 
be kepi free from water, a person, althouish nnacqiiainted with the art of swim- 
ming, will not completely sink, provided the hands and arms be kept under the 
water. 

The specific gravity of sea water is greater than that of the water of lakes 
and rivers, on account of the salt contained in it. On this account the water of 
lakes and rivers has less buoyancy, and it is more difficult to swim in it. 

* Gold will weii|:h less in the water than out of it, on account of the upward 
pressure of the particles of water, which in some measure supports the gold. 



What bodies will sink when immersed in water f What will float f What 
is the weight of a cubic loot of water ^ What is the use of the above table? 
How does the specific gravity of living men compare with that of water f 
Which is the greater, the specific gravity of sea water, or of lakes and rivers * 
Why ? 312. How is the specific gravity of bodies, that will sink in water, as- 
certained i What illustration is given f Explain Fig. 54. Why will gold 
weiirh less In the water than out of it? How does this upward pressure of the 
particles compare with the downward pressure of a quantity of water of tlui 
dimenaioDs ? What fbllows flrom this ? 
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315; The speeiie gttvkf of a bodj tbat wiM not sink 
in water, is ascertained bj diyiding its weight, hj the 
sum of its weighty added to the loss of wei^t which it 
occasions in a heavj bodjr pvevioiislj balanced in 
water.* 

316. JlhtstraHon. If a bodj lighter Uuui water weif^axooDces^ 
and OB bein^^ attached to a heavy body, balanced in water, is found 
to occasion it to lose twelve oonces ofits-weight, its specific giarity 
is determined by dividing its weijrfit (mx ounces) by the sum of its 
weight, added to the loss of weight it occasions in the heav^ body, 
namely, six added to twelve, which, in otheir words, is 6 divided by 
.18, or 6-18, which is l-3d. 

317. An hydrometer is an instrument to ascertain the 
specific gravity of liquids. 

318. RhuinUum. The hydrometer is constracted on the princi'' 
pfe, that the greater 1^ weight of a liqoid, the greater will be its 
Imoyancy. 

319. The hydrometer is made in a variety of forms, but it gen- 
eral consisti of a hollow ball of silver, glass, or other material, with 

and by so doing dinAinithM its weigbt. Now, as the upward preaaure of theae 
particles is exactly aofficieat to balanCiB the downward preaaiire of a qaamity of 
water of exactly the same dimensions with the gold, k follows that the gold 
will lose exactly aa mach of its wei^t ih water, a&a quantity of water of the 
aame dimensiona with tlie gold will weigh. And this rule applies to all bodies 
heavier than water, that are immersed in it. They voill lose as mucl^ of their 
weight in water aa aquantity of water of their oton dimensions weighs. All 
bodies, therefore, of the same size, lose the dame quantity of their weight in wa- 
ter. Hence, the specific gravity of a body is the weight of a body, compared 
with that of water. As a body loses a quantity of its weight when immersed in 
water, it follows that when the body is lifled from the water, that portion of ita 
weight which it had lost will be restored. This is the reason that a bucliet of 
water, drawn fVom a well, is heavier when it risea above the surfkce of the 
water in the well, than it is while it remaina below the aurlhce. For the same 
fMBon bur limbs feel heavy in leaving a bath. 

* The method of ascertaining the apeciflc gravitiea of bodies was discovered, 
accldenially by Archimedes. He had been employed by the king of Syracuse 
to Investigate the metals of a golden crown which he suspected had been adul-' 
terated by the workmen. The philosopher labored at the problem in vain, till 
going one day into the bath, he perceived that the water rose in the bath in 
proportion to the bulk of his body. He instantly perceived that any other sub- 
stance of equal aize would raise the water Just as much, though one of equal 
weight and less bulk could not produce the same effect; He then obtained two 
masses, one of gold and one of ailver, each equal in weight to the crdwn, and 
having filled a vessel very accurately with water, he first plunged the silver 
maas into it, and observea the quantity of water that flowed over ; he then did 
the aame vrlth the gold, and found that a- leas quantity had passed over than be-^ 
fore. Hence he inferred that, though of equal weight, the bulk of the silver 

What rule is given with regard to all bodies heavier than water that are im- 
mersed in it t What is the specific gravity of a body f . What is the reason 
that a bucket of water, drawn (torn a well, is heavier when it rises above the 
surfkce of the water, than while it is below it .' 315. How can the specific gra- 
vity of bodiea that will not sink in water be ascertained P What illustration is 
given f By whom waa the method of ascertaining the apieciflc gravities of bo- 
diea diaoovarsd f In what manner did he ascertain it f 317. What is an hydro- 
meter? Upon what principle ia it constructed ? Explain ita constructloii. 
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%«doBle4 ocsfe fitiBg froin the ^^per part. A w«ight is attached 
helow the ball. When the instrument, thus constructed, is ioimer- 
•ed in a fluid, the specific gravity of the fluid is estimated by the 
poition of the scale that remains aboTe the surface of the fluid. 
The gfeater the specific graTity of the fluid, the iess will the soale 
■ink. 



SECTION X. 
HydrauHet. 

'S30. Hydraulics treats of the motion of fluids, par- 
ticulfirly of water ; and the conBtruction of all kinds of 
instruments and machines, for moving them * 

321. Water, in its motion, is retiEtrded by the friction 
c^the bottom and sides of the vessel or channel throuffh 
ybich it passes. For' this reason the velocity of the 

was greater tban ibat of the gold, an^ that Che quantity of water diaplaced waa, 
in each experiment, eqiial to the balk of the metal. He next made trial with 
die crowii, and found. iC<HBplaced more water than the gbld^iind lesa than the 
silTer^ which led him to conclude, that it waA neither pure gold nor pure eiWer. 

* In ithe second illustration. Page 6th, No. 48, some account is given' of 
the chemical action of heat upon .water } and the reason is there given why the 
rain which falls upon the eartli, and' sinks into it, does not, in the course of 
time, injure its solidity. The cause of the ascent of steam, or vapor, may be 
found in its specific gravity. It may here be stated that rain, snow, and hail are 
formed hy the condensation of the paiiiclee of vapor in the upper regions of the 
atmosphere. The watery particles Coming within the sphere of each ether's 
attractions, unite In the form. of a drop; whibh being heavier than the air, fiUls 
to the earth. Snow and hail difier ifom rain only in the diffbrent degrees of 
temperature at which the particles unite. When rain, snow, or hail fitll, part 
of it reascends in the form of vapor, to form clouds, Ac,, part is absorl^ by the 
roots of vegetables, and part descends into the earth to form springs. The 
springs form brooka. rivulets, rivers, 4^c.- and descend to the ocean, where being 
again heated by the sun, Uie water rises in- the forni of vapor, again forms 
clouds, and again descends in rain, jinow., hail, ^e. The specific gravity of the 
-watery particles which constitute va^er, is less than that of tlie air near the 
■iirfaee of the earth ; they will, therefore, ascend until they reach a portion o( 
the atmosphere of the samespeciflc gravity with themselves. But the constant 
accession of fi«sh vapor flrom the earth, and the loss of heat, causes several par> 
ticlea to come within the sphere of each other's attraction, as has been staled 
above, and they unite in the form of a drop, the specific gravity of which being 
greater than that of the atmosphere, it will fall in the form of rain. Water, aa 
it descends in rain, snow, or hail, is perfectly pure, but when it haa fallen to the 
earth, it mixes with the various isubstances through which it passes, wlilch give 
it a species of fiavor, without affecting its transparency. 

<i^— »*^— ^^ ' ■ ■ — ™» -■■■■ . I ■ . — ■■■»» .■■! ■ ■ ^■^ I ■■» ■ I I I ■ M ill I ^— ^M— — , 

In what proportion does the scSle sink ? 830. Of what does hydraulics treat ? 
What is the cause of the ascent of steam or vapor ? How are the particles of 
this vapor formed into rain, snow, or hail f How long Will these particles re- 
main in the upper r^iona f What becomes of them atbpr they have fitilea f, 
321. What retards the motion of water? 
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surface of a canal or river is always greater than that of 
any other part.* 

322. A fluid running from an orifice in a vessel is 
discharged with the greater rapidity when the vessel 
from which it flows is kept constantly full. 

323. When a fluid spouts from several orifices in the 
side of a vessel, it is thrown to the greatest distance 
from the orifice nearest to the centre.^ 

324. A vessel filled with any liquid will discharge a 
greater quantity of the liquid through an orifice to 
which a short pipe of peculiar shape is fitted, than 
through an orifice of the same size without a pipe.;]; 
But if the pipe project into the vessel, the quantity dis* 
charged will be diminished instead of increased by the 
pipe. 

325. The quantity of a fluid discharged through a pipe or an ori- 
fice is increased by heating the liquid ; because beat aiminisbes the 
cohesion of the particles, which exists, to a certain degree, in all 
liquids. 

326. The velocity of a current of water may be as- 
certained by immersing in it a bent tube, shaped like a 
tunnel at the end which is immersed. 

327. Illustration. Fig. 55 is a tube shaped like a tunnel, with the 
larger end immersed in an opposite direction to the current. The 

* In conseqaence of the fViction of the banks and beds of riyera, and the no- 
merous ohstacles they meet in their circuitous course, their progress is slow. If 
K were not for these inipedirneuts, the velocity which the waters would acquire 
would produce very disastrous consequences. An inclination of three inches In 
a mile, in the bed of a river, will give the current a velocity of about three miles 
an hour. 

t This is true only on (he condition that the vessel be not elevated. If the 
vessel be elevated, the lowest orifice will discharge the fluid to the greatest dis- 
tance, but when the vessel is placed low, the fluid will reach the plane before 
its projectile force is expended. 

* This is caused by the cross currents made by the rushing of the water flrom 
dlnbrent directions towards the sharp-edged orifice. The pipe smooths the pas- 
sage of the liquid. 

Why does the snrfhce of a canal or river have a greater velocity than any 
other part f What benefit results from ft-iction retarding the motion of water? 
S22. Does the fulness of a vessel from the orifice of which a fluid is running, 
have any eflTect upon its velocity i 323. When a fluid spouts from several ori- 
fices in the side of a vessel, from which is it thrown to the greatest distance? 
324. What efiect will a pipe, fitted to an orifice, have with regard to the qaan- 
Uty discharged i What will be the efi*ect if the pipe project into the vessel f 
925, How can the quantity discharged through a pipe or orifice, be increased f 
Why will heat Increase it i 326. How can the velocity of a current of water 
te ascertained f What does Fig. 55 represent f Bow is the rapidity of the 
cunrent estimated f 
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I^di^ of &e enrra 
the height lo which the WKter is forced 
into the tube, Kbove the surfice of the 
current. By mch »o inWiaiuent the 
compaRttiva Telocity of difierent 
atreatnB, or the same stream at dtf- 
feient tuuea, msy be eBtimsted. 

328. Waves are caused by 
the friction between air and 
water.* 

329. The iaBtrumeutB used 
for raising or drawing water or 
other liquids, are the syphon, 
the commoD punip,t the chain 
pump, the forcing pump, an<l 
the screw of Archimedes. 

' 330. The screw of Archimedes ia a machine said to 
have been invented by the philosopher Archimedes, for 
raising water and draining the lands of Egypt, about 
200 years before the Christian era. 

331./UnjrtTY(ri(m.Fig- FIj. 56. 

me 56 repreaenta the 
screw of Archiniedea. 
A single tube, or two 
tubes, are nouud in 
the form of a screw 
around a ahail or cy- 
linder, Bupported by 
the piop and the pil- 
ot A, and turned by 
the handle n. As the 
eod of the tube dips 
into the water, it in 
fUled with the Suid, 
which ia forced up 
the tube by every aug- 
ceaaive [evolutioD, until it ia dlacbarged at the opper end. 



ld,(BDil Hie ai))eriiii«l ku ba 



« Hill became iinoDik. 



1 barrel sT oil on Ihe iHtei,nblch bu Ibua been protselEd ttOM 
iq pomp, and the iBKiai f\unf, will be eiplilD«t in cDiaexiH 

'erihelPilnunenlf 3S). Wbsl ceun wsvn .' WbatbiBRH- 
rraoralbla friction.' K9. What iiulninMiiU are oaed for nUtiu 
Wbai I* aald dT ihe (cmr orArcblniidei ! BiplUa ibe n» « 
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332. The chain pump is a kiad of pump used on 
board of ships. 



333. Illustration. Fig. 57 reptesents a chain 
pump. It consists of a square box through 
which a number of square boards or buckets, 
connected by a chain are made to pass. The 
chain passes over the wheel C and under the 
wheel D, which is under water. The buck- 
ets are made to fit the box, but not so as to 
create much friction. The upper wheel, C, 
is turned by a crank, (not represented in the 
Fig.) which causes the chain with the buckets 
attached to pass through the box. Each buck- 
et, as it enters the box, lifls up the water above 
it, and discharges it at the top. 

334. Springs and rivulets are form- 
ed by the water, from rain, snow, &c., 
which penetrates the earth, and de- 
scends until it meets a substance which 
it cannot penetrate. A reservoir is 
then formed by the union of small 
streams under ground, and the water 
continues to accumulate until it finds^ 
an outlet. 



Fig. 67, 




Fig. 58. 



335. Illustration. Fig. 
58 represents a body of 
water, A, formed by the 
continual accession of 
water received from the 
ducts or rivulets, a a a a. 
When the water rises as 
high as B it finds a pas- 
sage out of the cavity, 
and runs on till it makes 
its way out of the ground 
at the side of a hill, and 
then forms a spring at C. 

336. A spring will rise nearly as high, but cannot 
rise higher than the reservoir from whence it issues. 
Water may be conveyed over hills and valleys in bent 
pipes and tubes, or through natural passages, to any 




S32. Wbere Is the chain pump used .» What Fig. represents It ? Explain the 
f «; ^,i' P®^ are springs and rirulets formed i Explain Fig. 68. 336. How 
Algh will a spring rise i «^ e 
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height which is not greater than the level of the reser- 
voir from whence it flows.* 

337. Fountains are formed hy water carried through 
natural or artificial ducts from a reservoir. The water 
will spout through the ducts to nearly]* the height of 
the surface of the reservoir. 

338. The Syphon J is a tube bent in the form of the 
letter U, one side being a little longer than the other. 

339. Illustration. Fig. 59 represents the Syphon of the Boston 
School set. A syplion is used by j5Iling it with water or some other 
flaid, then stopping both ends, and in this state immersing the 
shorter leg or side into a vessel containing a liquid. The ends then 
being unstopped, the liquid will run through the syphon 
until the vessel is emptied. In performing this experi- ^*'' *®' 
ment, the end of the syphon which is out of the water 
must always be below the surface of the water in the 
▼essel. The syphon may be used to show the equili- 
brium of fluids, by pouring in a small quantity of mercury 
and thirteen and a half inches of water into the largest 
part. The liquids will rise in each side or leg of the sy- 
phon, in height, proportioned to their specific gravity. 
The mercury being of specific gravity thirteen times 
greater than that of water, will balance thirteen times its 
bulk of water. Consequently the water will rise thirteen 
times as high on one side of the syphon as the mercury 
is on the other. But if one liquid dnly is poured into the 
flyphon it will rise to the same height in both sides or 
legs of the syphon. Any other liquids may be used with similar 
enect; namely, the lighter liquid will rise as much higher on one 
side of the syphon than the other as the specific gravity of the one 
fluid exceeds that of the other. 

^•340. Tantalus' cup consists of a goblet containing a 

* The ancient Romans, ignorant of this property of fluids, constructed vast 
aqueducts across valleys, at great expense, to convey water over them. The 
modems efiect the same object by means of wooden, metallic, or stone pipes. 

t The resistance of the air prevents the fluids. from rising to quite the same 
height with the reservoir. 

X The Syphon belonging to ** the Bogton School »et " is a glass tube, the longer 
arm of which is about 21, and the shorter arm about 6 inches in length. Be- 
sides the experiments made with it, which are mentioned above, the following 
may be performed. 1. Screw the stop-cock (See Fig. 66.) into the short end 
of the syphon ; close the stop-cock, and poor a quantity of mercury into the 
longer arm. The air contained in the shorter arm will prevent the mercury 
from rising in that arm, but on turning the stop-cock, the mercury will rise to 
an equilibrium in both arms. 

SS7. How are fountains formed i How high will the water spout through 
the ducts? What prevents the fluids from rising to the same height with the 
reservoir f S38. What is the syphon f In what manner is the syphon used f 
How can the syphon be used to show the equilibrium of fluids i How high 
will the liquid rise in each side of the syphon f What experiment, made with 
the syphon, is mention^ in the note ? 940. What is Tantalus' cop .' 
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pntall figure of a man. A svphon is con- 
cealed within the figure, which empties the fig-w. 
water bom the goblet aa fast aa it is poured ^^^ 
in, so that the glass can never be filled. f^gaA 
Fip GO iepte«ats tbe cap with ttm lypbon. Tbe JbhITY 
Bran of the nun u nnuttedi in Oder tb&t the pooitioa jnl I 1 
of the lyphaii maj be Been. V^j^/ 

341. Water bj means of ita weight or iu ^S* 
force when in motion, becomes a mechanical 
agent of great power. It is used to propel 
or turn wheels of diSerent construction, which being 
coimected with machinery of various kinds, form 
mills, &c. 



343. The Overshot wheel ia a wheel set in motion by 
the weight of water flowing upon it. It receives its 
motion at the top. 

344. /Uiutratwa. Fig. 61 represents 1^. el 

the overshot wheel. It comuts of ■ 
wheel turains on on szis, (not rep- 
resented in iSe Rg.) with conpul- 
menls cilled buckets, tbcd, &c., ■! 
the DircnmletenGe, which are anc- 
ceasivelr Sited with water froia the 
«lre»in 3. "ITie weight of the water 
in the buaketi causes the wheel to 
tuiQ, and the buckets being gradually 
inverted are emptied aa they descend. 
It will be seen, fiom an inspection of 

the figure, that the buokets in the desoeading side of the wheel are 
ilways filled, or p«tly filled, while those in the oppodte or ascend- 
ing part are sIwaTs empty until they are again presented to the 
stream. ITiia kind of wheel ia the most powerful of all the waler- 
wheeb. 

34d. Tile Undershot wheel is a wheel which is set in 
motion by the motion of the water. It receives its 
impulse at the bottom. 
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mM1aB> Bipum ng. ei. Whei caoua tlu wheel to inm .' HowdDettUB 



ntEUMATICS. 



346. lUiatratUm. Fig. 
GS repreBcnls llie under- 
tbot wheel. Instead of 
bucketa at tbe circumfer- 
ence, it is furnished with 
le Burfaces, called float- 
.ab cd,&c., which 
e the impulse of the 
water, and cause the wheel 
lo revolve. 






347. The Breast wheel is a wbeel which receives the 
water at about half its own height, or at the level of its 
axis. It is set in Fi(.e3. 

motion both bj the 
weight and the mO' 
tioD of the water. 

348. lUustTOtiim. 
Fig. 63 representa a 
breut wheel. It ii 
furnished either with 
buckets, or with float- 
boards, litting the wo- 

349. In all the tvheels which have been deKribed, the motion 
liven to the vheel, is communicated to otlier machinery or jear- 
ing, as it i* called, by other wheels or pinions attached la the alia, 
■ocb w bav« been described in ftfe 42, No. 931>. 



SECTION XI. 

Pnevmtatict. 

350. Pneumatics treats of the nature, mechanicri 
properties, and efiects of air and similar fluids, which 
are distinguished \>j the name of aeriform fluids. 
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€6 NATURAL PHILOSOPHY. 

351. The air which we breathe is an elastic fluid which sur- 
rounds the eArth, and extends about forty-five miles above its sur- 
face/ It possesses many of the properties belonging to liquids in 
ffeneral, besides several others, the result, or, permips, the cause of 
Its elasticity. Its specific gravity is eight hundred times less than 
that of water.t 

852. Air, steam, vapor^ gas, are all elastic fluids possessing the 
same mechanical pro]^rties4 Whatever, therefore, is stated m re- 
lation to air, belongs m common to all of these fluids. 

353. Air and other similar fluids have weight, but their particles 
do not, under any circumstances, adhere together; or, in other 
words, they are influenced by gravity, but have no cohesive attrac- 
tion. § 

354. Air has two principal properties, namely, grav- 
ity or weight, and elasticity. 

355. By the elasticity of the air is meant its power 
of increasing or diminishing in bulk, or extension, ac- 
cording as it is more or less compressed. || It is this 

* See 2d note to No. 98, page 13. 

t The air is neceflsary to animal and vegetable life, and to combmtian. It is 
a very heterogeneoua mixture, being filled with vapors of all kinds. It consistJi, 
however, of two principal ingredients called oxygen and nitrogen, or azote ; of 
the former of which there are 28 parts, and of the latter, 72 in a hundred. Tlie 
air is not visible, because it is perfectly transparent. It may be felt when it 
noves in the form of wind, or by swinging the hand rapidly backward and for- 
ward. 

I The chemical properties of liquids, flnids, dec., are not treated in the sciences 
of Pneumatics, Hydraulics, or Hydrostatics, but belong peculiarly to the science 
of chemistry. They are not, therefore, described in this work. 

§ It has already been stated [See No, 70], that heat insinoates itself between 
the particles of bodies, and forces them asunder, in opposition to the attraction 
of cohesion and of gravity i it, therefore^ exerts its power against both the attrac- 
tion of gravitation and the attraction of cohesion. But as the attraction of co- 
keaion does not exist in fluids in the form of air (or aeriform fluids), the expan- 
sive power of heat has nothing to contend with but gravity. Any increase of 
temperature, therefore, expanoa an elastic fluid prodigiously, and a diminution 
of heat condenses it. 

B The terms **rare/aetMm," and **rcr^ed** are applied to air when it is ex- 
panded 't and ** oonderuaHofi,^* or " condensed *' when it is compressed • It has 
already been stated [See page 13, No. 98], that the air near the surface of the 
earth bears the weight of that which is above it. Being compressed, therefore, 
by the weight of that above it, it most exist in a condensed form near the sur- 
face of the earth, while in the apper regions of the atmosphere, where there Is 
Bo pressure, it is highly rarefied. This condensation, or pressure, is very simi- 
lar to that of water at great depths in the sea. ISee No, 295. j 
I 

351. What is the air which we breathe ? How &r does it extend above the 
■irface of the earth f Does it possess properties common to liquids in general i 
How does its specific gravity compare with that of water f Of what two prin- 
cipal ingredimts does the air consist ? What is the proportion of these parts 
to each other f 362. What other fluids are named belonging to the class of 
elastic fluids ? 363. Have the air, and other similar fluids, weight ? With what 
power alone has heat to contend in aeriform fluids ? 354. What two principal 

Sroperties has the air ? 355. What is meant by the elasticity of the air ? How 
o the aeriform fluids diflbr from liquids f When is the air said to be rarefied f 
When condensed i Is the air, near Hie snrthce of the earth, rare or dense ' 
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property which distmguishes the aeriform fluids from 
Uquids. 

356. The air pump is an instrument by means of 
which the air may be pumped or drawn from a vessel 
prepared for the purpose. The vessel is called a re- 
ceiver, and is made of glass, in order that the effects of 
the removal of the air may be seen. ^ ' 

357. UUutration, Air pamps are made in varioas ways, and are of 
different constructions. Some have two barrels, ^or, in other words, 
are double pumps,) and others only one. The oifference between 
them will be present- _. ^^ 



HO 




ly explained. Fijg. 64 
represents a single 
barrel air pump,* used 
both for condensinji 
and exhausting. A D 
is the stand or plat- 
form of the instru- 
ment, which is screw- 
ed down to the table 
by means of a clamp, 
underneath, which is 
not represented in the 
figure. R is the glass 
vessel or bulbed receiv- 
er from which the air p ^tE3M9¥^ — ^^ i n^ ga^-^ s 

is to be exhausted. P 
is a solid piston, accu- 
rately fitted to the bore 
of tlie cylinder, and H 
the handle by which it is moved. The dotted line, T, represents 
the communication between the receiver R and the barrel B ; it is a 
tube through which the air, entering at the opening I, on the plate 
of the pump, passes into the barrel, through the exhausting valve 
s V. V is tiie condensing valve, communicating with the barrel B 
by means of an aperture near s, and opening outwards through the 
condensing pipe p, 

368. The operation of the pump is asfoUows : The piston P being 
drawn upwards by the handle H, the air in the receiver R, by its 
elasticity expanding, passes by the aperture I through the tube T, 

* The air pamp, described in this figure, is one of a namber made by A. ft D. 
Davis, of this city, by order of s special committee, (br the Boston Schools. It 
has a pistcm of large dze, being an inch and s half in calibre. The pneumatic 
instruments, mentioned in this section, belong to the same set, and are firom the 
same manofhctormr. There are several otMr mannflictories of philosophical 
instroments, in the city, which deserve commendation, among which may be 
mentioned those of Mr. T. Clazton, and Mr. Chamberlin. 



866. What is the use of the air pump f What Fig. represents aa air pump f 
Biplain the figure. 368. Explain tlw operacioo of the pump. 




hit""'*- t"^ '7^'^'^-K~^ i- ^*^'^>,^B,^ 
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Fig. 6fi. 




363. Es^eriwients to he made mth the tdrjntmp. Place the glass 
receiver R, as represented in Fig. 64, upon the pump plate, and 
exhaust the air from under it, bv working the piston up and down. 
The receiver will adhere strongly to the plate. But if the air be 
remitted, by turning the screw S, the receiver may easily be 
raised. This experiment shows the pressure of the atmosphere, 
caused by its weight. 

363. F1^. 65 represents the hand glass. It is, in 
fact, nothm^ more than a tumbler, open at both 
ends, with me top and bottom ground smooth, so 
as to fit the brass plate of the air pump. Put it 
upon the plate, and cover it closely with the palm 
of the hand, and work the pump. The air within 
the glass being thus exhausted, the hand will be 
pressed down by the weight of the air above it; 
and the pressure felt upon that portion of the hand 
over the glass will be equal to i4 or 15 pounds to 
every square inch. This experiment likewise 
shows the pressure of the air. 

364. Place a small bladder, partly filled with air, and tightly 
closed, under the glass receiver, and. on working the pump, thus 
removing the air from around the bladder, the air within will grad- 
mlly expand, and cause the bladder to appear full. On turninff the 
screw S, and readmitting the air, the bladder will immediate^ re- 
sume its shrivelled appearance. The same effect may be produced 
on a dried apple, or raisin, if the skin be whole. This experiment 
shows the elasticity of the air. • 

365. Fig. 66 represents a stop cock. Fig. 66. 
of which ^ere are two, of different 
sizes, with a screw fitted to the aper- 
ture I in the brass plate, or to the pipe 
near the condensing valve c v in n-ont 
of the pump. By inserting the stop 
cock into an India rubber bag, or fitting 

a bladder to it, and screwing it into the pipe in firont, and working 
the pump, air will be condensed into it. When this is done, re- 
move the bag or bladder to the screw in the brass plate, and place 
another bag on the condensing pipe. On working the instrument, 
the air will be conveyed from the full to the empty bag or bladder. 
Thus the pump is made to exhaust and condense at the same 
time. 

366. Fig. 67 represents the elastic tulie. 
Screw the elastic tube into the pump 
plate, and connect the other end by the 
stop cock, with the glass syphon [see Fig, 
^] immersed in mercury. On working 
the pump the mercury will rise in the syphon to the height of 




Pig. 67. 




What does this ejcperiment show ? S63. What experiment is performed 
with the hand glass f To what is the pressure felt apon that portion (tf the hand 
oyer the glass equal ! What does this experiment show f 365. MThat does 
Fig. 66 represent f What experiment is performed with it f S66, What 
does Fig. 67 represent f What experiment is peribrmed with it i 
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Fig. 68. 



more than twenty-eight inches, showing that the upward pressure 
of the atmosphere is equal to this height of mercury.* 

367. With the elastic tube still attached to the air pump, and the 
syphon, as in the last experiment, the stop cock being open, — stop 
the other end of the syphon with the finger, exhaust the air, then 
close the stop cock ; now insert the end of the syphon, which is 
stopped with the finger, into a bowl of water, and remove the finger : 
the water will immediately fill the whole length of the syphon, and 
would rise thirty-thre6 feet, were the syphon as long. 

368. Fig. 68 represents the instrument 
for raising a weight by the upward pres- 
sure of the air. It consists of a glass tube, 
of large bore, set in a strong case or stand, 
supported by three legs. A piston is ac- 
curately fitted to the bore of the tube, and 
a hook is attached to the bottom of the 
piston, from which weights are to be sus- 
pended. One end of tne elastic tube is to 
be screwed to the plate of the pump, and 
the other end attached to the top of this 
instrument. The air being then exhaust- 
ed from the tube, the weights will be rais- 
ed the whole length of the glass. The 
number of pounds weight that can be rais- 
ed by this instrument may be estimated by 
multiplying the number of square inches in the bottom of the piston 
by fifteen. This experiment shows the upward pressure of the air. 

369. Fig. 69 is a bell-shaped glass, covered «,_ «o 
with a piece of bladder, which is tied tightly ^' 
around its neck. Thus prepared, it may be 
screwed to the plate of the air pump, or con- 
nected with it by means of the elastic tube. 
On exhausting the air from the glass, the exter- 
nal pressure of the air on the bladder will burst 
it inwards with a loud explosion. The expteri- 
ment may be reversed, and the bladder burst, 
by condensing air within the glass. For this 
purpose, transfer the glass, or the elastic tube connected with it, to 
the condensing lube P, and, on working the pump, the air will be 
condensed within the glass, and by its pressure burst the bladder 
outwards, with a loud explosion. The former experiment is the 
result of the gravity, the latter of the elasticity, of the air. 

* This experiment famishes a test of the power of the pump. Caution is 
necessary in ^wensraglng the syphon from the flexible tube, or taking it out of 
the mercury. In-^l ^ases, the thumb screw of the air pump should be turned, 
and air admitted before removing the syphon, Ac, otherwise, tlie air, rushing 
in at the lower end of the syphon, will force the mercury violently into the air 
pump, and probably break the syphon. 





What does this experiment show f 368. What does Fig. 68 represent.'' Of 
what does it consist f How is it used f How can the number of pounds weight, 
that can be raised by this instrument, be estimated f What does this experi- 
ment show ? 369. What does Fig. 69 represent ? What experiments ar© 
mentioned U» No. 369, Of what is the flml ei^periment the result ? Th« 
Hcondf 
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370. Tif. 70 i> s glua ■imilu to the one rep- 
leaented id the tnat Kguie, coieied with Inilla 
rubber. Tbe aaine experioieDU may be mute 
with this ae wetc incnlioiied in the W article, 
but with difft-ieDl irsulta. Xnatead of bursting, 

whole depth or Ibe glaea, when the air is ex- 
hausted ; and will swell iiutwards like an in- 
flated bladder, when the air is condensed in tbe 
elasB. 

371. Fig, 71 ia called the guinea and feather drop. In nwit col- 
lections of pbiloaiipliical apparatus, this inetrutnent consists of a tall 
reoei»er, with braas shelves near tlie top, on which a _ 

a feather may be placed. The air being e: 



usted, and i screw on the top being turned, the shelrei 
)p, and cause the guinea and feather to fall togethpr 
■ia instrument ia designed to show how fallinglKHliei 
! retarded by tbe resiataiice of the air. When the air ii 
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This ii 

•re retarded bj 

within the receiver, the guinea will fall first, while the 

feather, being rrlarded by the realslance of the air, 

slowly ; but when the an is eihauHted, they will 

reach tbe bottom at the same moment. The initru 

lepiesented in the figure is the one belonging to the- 

" Boston School set," and ii of diOerent conalrnction. It 

Consiats of a large glass tube, sealed at one end, and fitted 

for the reception of the stop cock {see Fig. 66) at the 

other, A feather and a sma!ll piece of brass (in 

the guinea) are inclosed in it. Before eihaustinff the air, it shonld 

be turned several times, to show that the heavy body (namely, the 

brass) will fall 6rat. It should then be screwed to the plate of the 

pnmp, the air exhausted, and the stop cock closed. On removing 

It from the pump and turning it up, it will be seen that both the 

feather and the brasa will fall together, and reach the bottom at tha 

Zt2. rig- 72 represent! the straight jet, which is a FIj. W, 
s, II ' ■""■" '>""■ '"'>'' ^'S- ^3 '^ '^'^ fountain glass. 
'*"■ The eiperiment with these instruments is de- 
signed to show the pressure of the atmosphere 
on the surface of liquids. Screw the stop cock 
to the plate of the air pump, then screw the 
straight Jet into the stop cock, and the fountain 
glass over the jet to the cock. Having ei- 
hauated the air from the fountain glass, turn 
^~S the atop cock, and removing it with the glass 
1^1 Ttom the pump, and immersing it in a vessel 
S of water, open the stup ODck. The pressure of 
the air on the surface of the water will cause it 
to rnsh ap into the glass like a fountain. 



). What donFlg. TOreprt 



-. V da Ihfl s.tperlmenii i 
* 3J1. What does Pig. 7 



perimenu madebj Ifajs I 



n 



NATURAL PHILOSOPHT. 



373. Fiff . 74 represents the flask or glass 
vessel and scales for weiffhing air. Screw 
the stop cock to the fbSkf and hanging it 
to the hook under the shorter scale, ascer- 
tain the weight of the flasJc while it is 
open, and of course, filled with air ; then, 
having screwed it into the pomp plate, 
and exhausted the air, again weigh the 
flask. The difierenoe between its present 
and former weij^ht is the weight of the air 
that was contamed in the flask.* 

374. Fig. 75 is a hollow, brass 
globe or condensing chamber, 
for condensing air. Having part* 
ly filled it with water, and msert- 
ed the stop cock, screw it to F, 
the condensing pipe of the pump, 
and condense toe air ; then turn 
the stop cock to confine the air, 
and, removing the globe firom the 
pump, insert the straight jet (tig^ 
72) into the stop cock ; and, on 
turning the cock, the pressure of 
the air within the globe will 
force the water out in a beautiful 
stream, and with great force. 

Fig. 76. 



Fig. 74 




Fig. 76. 





Fig. 77. 




375. The same experiment may be performed with the revolving 
jet represented in Fig. 76. The water will form a beautiful circle 
m the air as it is rorcibly ejected from the jet, and the tube will 
rapidly revolve. 

376. Fig. 77 is a small brass cylinder, or 
gun barrel, with a screw fitted to the brass 
globe, designed to show the operation of an 
air gun.t Screw the brass globe, with the 

* Condenaed air may likewiae be weighed in the brass globe, after being 
introduced as described in the next experiment. In weighing air, the tempera- 
ture of the room must be observed, because heat rarefies it, and renders it light- 
er} therefore the warmer the room in whlc^ the experiment is tried, the lighter 
the air will be. 

t Condensed air, by its elastic force, will produce efibcts similar to gnnpow- 

373. "What does Fig. 74 represent f What experiment is mentioned ? Note. 
How can condensed air be weighed f What is necessary to be observed is 
weighing air f 374. What does Pig. 75 represent i What experiment is men- 
tioned f What does Fig. 76 represent i 376. What does Fig. 377 represent f 
What is its design ? Ifotf. What is said with regard to condensed air i 
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slop eockjto the oondeiuins pipe of the ui pump, and condnue 
the air. Turn the alop cock, remove the globe From the condeiw- 
ing pipe, and Bctew the ffun binel to the stopcock ; put ■ lead ibot, 
or papei ball, into the wurel, and quicklj open the rtop cock : the 
■hot will be thnmri with fores scron the room. 

377. Fie. 78 representa the atraight receiver.' FDl 
thEstraie&lraceiyer with water, and, placing it on the "•■ *■ 
plata of the alt pomp^ corei it with the bolMd receiv- 
er, and exhaust the air. The air contained within the 

water will then rise in bnbblea, and, escaping from the 
aorface, present the appearance of boiling water, 

378. With the two leceivers, as in the last experi- 
ment, sink a piece of wood in the water, and, on ei- 
haugting the air from the water, the air will be seen 
UBuing from tbs pores of the wood. 

379. Fig. 79 represents the glass balloon. With the 
Ftg. 19, receiver, as in the last two eiperimenis, 

Q place the baUooa with the neck aov^nwards 
upon the surface of the water. (It will, 
pcThaps, be necessary 1o admit a little 
water into the balloon to make it stand in 
the water,) On exhausting the air, the air 
will be seen issuing from the balloon. The air being 
again eihauslioe the air, the balloon will rise. The 



381. Place a lighted taper, cigar, or an; other substance, that 
will produce EmiSe^ under the receiver, and exhaust the air: the 
light will be eitin^shed, and the smoke will fall, instead of rising. 
If the air be readmitted, the smoke will ascend. 

383. Fill the straight receiver with water, cover it closely with 
paper, and invert it, — the paper will be held on by the upward 
pressure of the air, although it sustains the whole weight of tlie 

foru alDL«t as great ss Ihat of fnnpovder. Wiib the sir ;un. a buLtot may 
be iqade la perlbrale ■ boan!. with the bnus globe and ibv cyUnder or 

MM^ea:l■nt i'dco^' 
cnl 10 BE many purposes 
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383. Fig. 80 represents the Magdebargh PK* 80. 
cups or hemispheres. Thpy consist of two 
hollow brass caps, the edges of which are ac^ 
curately fitted together. They each ha^e a 
handle, to one of which the stop cock is fit- 
ted. The stop cocky being attached to one 
of the cups, is to be screwed to the plate of 
the air pump, and left open. Having joined 
the other cup to that on the pump, exhaust 
the air from within them, turn the stop cock 
to prevent its readmission, and screw the 
handle that had been removed to the stop 
cock. Two persons may then attempt to 
draw these cups asunder. It will be round 
that great power is required to separate 
them ; but, on readmitting the air between 
them, by turning the cock, they will fall 
asunder by their own. weight. When the 
air is exhausted from within them, the pres- 
sure of the surrounding air upon the outside keeps them united. 
This pressure, as has already iMsen stated, is equal to a pressure of 
fifteen pounds on every square inch of the surface. Whence it 
follows, that the larger the cups or hemispheres the more difficult it 
will be to separate them. 

384. By means of a weight, sink a small bladder, partly filled 
with air, and tightly closed, in water contained in the straight re- 
ceiver, — cover it with the bulbed receiver, and exhaust the air, — 
as the surrounding pressure is thus removed the air within the 
bladder will expand, and its specific gravity being thus diminished, 
it will rise. On readmitting the air it will sink again. ^ 

3%. If an animal be placed under the receiver, and the air ex- 
hausted, it will immediately droop, and if the air be not speedily re- 
admitted it will die. 

386. A simple and interesting experiment, connected with the 
science of chemistry, may thus be performed by means of the air 
pump. A watch glass, containing water, is placed over a small 
vessel containing sulphuric acid, and put under the bulbed receiv- 
er. When the air is exhausted, vapor will fireely rise from the 
water, and be quickly absorbed by the acid. An intense degree of 
cold is thus produced, and the water will freeze. 

387. In the above experiment, if ether be used instead of the acid, 
the ether will evaporate instead of the water, and in the process of 
evaporation, depriving the water of its heat, the water will freeze. 
These two experiments, apparently similar in efiTects, namely, the 
freezing of the water, depend upon two different principles which 
pertain to the science of chemistry. 



383. What does Fig. 80 represent f What experiment is here mcntioBed f 
1><i«s the sise of the cups have any efibct upon their separation ? 384. What 
experiment is here mentioned ! 385. What one is mentioned in this number f 
388. What experiment, connected with the science 'of dtemistry, is 
tiooad ? What will be the effect if ether be oaed instead of theiwid f 
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J%e foUmoing expeiimeHts may be made with the syphon. [See 
Fig. 59.] 

388. screw the stop cock into the shorter end of the syphon, clote 
the stop cock, and pour mercury or water into the longer side. The 
air contained in the shorter side will prevent the liquids from lisine 
in the shorter side. But if tiie stop cock be opened so as to afford 
free passage outwards for the air, tne fluids will rise to an eqaili- 
brium, that is, to eq^^al height in both arms of the syphon. 

389. With water or mercury in the syphon, and the stop cock 
open, turn the syphon so that the fluid will enter tlie shorter arm, 
tind when that arm is filled up to the stop cock, close the stop cock 
to prevent the admission of tne air : the syphon may then be turn- 
ed in any direction and the fluid will not run out^ on account of the 
pressure of the atmosphere against it. But if the stop cock- be 
opened, the fluid will run out ueely. 

390. With a quantity of water in the balloon, (Fig. 79.) or a 
weight attached to it sufficient to render its specific gravity nearly 
the same with that of water, immerse it in a tall vessel full of 
water, and let' it float on the surface. Cover the top of the vessel 
closely with India rubber, or any elastic covering. On pressing 
the covering with the hand, the balloon will immediately descend 
in the water, and when the pressure is removed it will again float 
about, rising or falling, or standing still, according to the pressure 
on the covering. 

391 . This experiment may be thus explained : — the pressure on 
the top of the vessel first condenses the air between thc^ cover and 
the surface of the water ; — this condensation presses upon the 
water below, and as this pressure afiects every portion of the water 
throughout its whole extent, the water, by its upward pressure, 
compresses the air within the ballooti, and makes room for the as- 
cent of more water into the balloon so as to alter the specific gravity 
of the balloon, and "cause it to sink. As soon as the pressure cea^ 
ses, the elasticity of the air in the balloon drives out the lately en- 
tered water, and restoring the former lightness to the balloon causes 
it to rise. If, in the commencement of this experiment, the balloon 
be made to have a specific gravity too near that of water, it will not 
rise of itself, after once reaching the bottom, because the pressure 
of the water (hen above it will perpetuate the condensation of the 
air which caused it to descend, it may even then, however, be 
made to rise, if the perpendicular height t>f the water above it be di- 
minished by inclining the vessel to one side. 

392. This experiment proves many things ; namely : 

First. The materitdity of airy by the pressure of the hand on the 
top being communicated to the water below through tlie air in the 
apper part of the vessel. 

SeccndlV' The compressibility of air j by what happens in the globe 
before it descends. 

388. What experimeiit, made wUh the syphon, is mentioned in No. S88 f 
389 f S90 f How would you explain this experiment f What will be the effect 
if the balloon, in the commencement of this experiment, be made to have a sps- 
cific gravity too near that of water } Why will it not rise ? How can it de 
made to rise ? What does this experiment prove f First i Secondly i 
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JTiirdly. Tke thistieityj or elastic force of air» when the water is 
expelled from the globe, on removing the pressure. 

Fourthly. The UgktneBs of air , in uie buoyancjr of the fflobe. 

Fifthly. It shows that the nressure of a liquid is exerted in all di' 
rectionSf because the effects nappen in whatever position the jar be 
held. 

Sixthly. It shows that pressure is as the depth, because less pres- 
sure of Vie hand is required, the farther the globe has descended in 
the water. 

SeoenUdy. It exemplifies many circumstances of fluid support. A 
person, therefore, who is familiar with this experiment,* and can 
explain it, has learned the principal truths of hydrostatics and 
pneumatics. 

393. Air may become a mechanical agent by means 
of its four properties, weight, inertia, fluidity, (or power 
of transmitting pressure,) and its elasticity. 

394. The pressure of the air, (as has already been 
stated) caused by its gravity or weight, is equal to fif- 
teen pounds on every square inch of any surface ; hence 
it is calculated that a man of common stature has to 
sustain a weight of about fourteen tons of air. The 
equality of the pressure on every part of his body pre- 
vents his being injured by this immense weight ; and 
the air contained within the body and its pores, also 
counterbalances the weight of the external air. If this 
external pressure were removed, the air within the 
body, meeting with no external pressure to restrain its 
elasticity, would burst the parts which confine it, and 
destroy life. This pressure is proved by numbers 361, 
368, and 382, pages 68, 70, and 73. 

* On the same principle with the balloon, described in this experiment, seve- 
ral images of glass, hollow within, and each having a small opening at the heel 
by which water may pass in and oat, may be made to manoeuvre in a vessel of 
water. Place them in a vessel in the same manner with the balloon, but by al- 
lowing different qnantities of water to enter the apertures in the images, cause 
Them to differ a little flrom one another in specific gravity. Then, when a pres- 
Hure is exerted on the cover, the heaviest will desicend first, and the others fol- 
low in the order of their specific gravity ; and they will stop or return to the 
surface in reverse order, when the pressure ceases. A person exhibiting these 
iigures to spectators, who do not understand them, while appearing carelessly 
to rest his hand on the cover of the vessel, seems to have the power of ordering 
their movements by his will. If the vessel, containing the figures, be inverted, 
and the cover be placed over a hole in the table, through which, unobserved, 
]>re8sare can be mode by a rod rising through the hole, and obeying the foot of 
the exhibiter, the most surprising evolutions may be produced among tiie figures, 
in perfect obedience to the word of command. 

Thirdly ? Fourthly ? Fifthly ? Sixthly ? Seventhly ? What experiment is 
mentioned in the note ? 393. How may air become a mechanical agent P 394. 
To what is the pressure of the air, on every square inch, equal ? What weight 
of air does a common sized man sustain ? Why does not this weight isjiure 
him f What would be the effect if this extarnal pressure were removed i 
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395. A vacuum is a space from which the air and 
every other substance has been removed. 

396. The resistance which light bodies meet from the 
air, causes them to fall slowly, while heavy bodies, more 
readily overcoming this resistance, fall rapidly. This 
i$ proved by number 37 1 , page 7 1 . 

397. When the external pressure is removed from 
any portion of confined air, it will immediately expand, 
and to this expansion there are no known limits. [See 
JVb. 361, page 68.] 

398. A column of air reaching to the top of the at- 
mosphere, the base of which is a square inch, weighs 
fifteen pounds, when the air is heaviest. (iSee JVb. 394.) 
Therefore, as all fluids, press equally, in all directions, 
every inch of our bodies sustains a weight of fifteen 
pounds. 

399. The exact pressuie that any iodividual sastainf may, there- 
fore, be ascertained by finding the namber of square inches 'there 
are on the surface of his body, and muUiplyin|r it by fifteen. In like 
manner, the weight of the whole atmosphere* may be ascertained by 
finding the number of square inches there are on the surface of the 
globe, and multiplying the same by fifteen. In this way it has been 
ascertained that the weight of the whole atmosphere is more than 
five thousand billions of tons. 

400. The air consists of particles possessing the in- 
herent properties of matter. It, therefore, has the prop- 
erty of impenetrability, {See Jfo^s, 26 and 27.) like all 
other substances. 

401. Elugtration. If a tube, closed at one end, or an inverted 
tumbler, be inserted at its open end, in a vessel of water, the water 
will not rise in the tube or tumbler, to a level with the water in the 
vessel, on account of the impenetrability of the air within the tube. 
But if the tube b^ open at both ends, the water will rise, because 

* The exact height, to which the atmosphere extends, has never been accu- 
rately ascertained ( bat it ceases to reflect the sun*8 rays at a greater height 
than forty-five miles. It has been computed that the weight of the whole atp 
mosphere Is equal to that oi a globe of lead, sixty miles in diameter. 

S96. What is a vacnnm f S96. Why do light bodies All more slowly than 
heavy i Bow is this proved f 397. What will be the effbct if the externa! 
p ressure be removed from any portion of confined air f Are there any known 
fbnits to this extension f S98. What is the weight of a column of air, the base 
of which is a square inch, reaching to the top of the atmosphere, when the air 
is heaviest ? What weight does every inch of our bodies sustain f How can 
the weight of the whole atmosphere be ascertained ? Has the exact height to 
which the atmosphere extent^ been accurately ascertained f At what height 
does it cease to reflect the sun^s rays. To what is the computed weight of the 
atmosphere equal f 400. Of what does the air consist f What Allows ftom 
this? What illuscratioBoribIs is given? 

7* 
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the air can escape through the upper end. It is on this principle 
that the diving bell (or £e diver's bell, as it is sometimes called,) is 
constructed. Fig- 81* 

402. Fig. 81 represents a diving bell. It 
consists of a large heavy vessel, formed like 
a bell, (but mav be made of any other shape,) 
with the mouth open. It descends into the 
veater with its mouth downwards. The air 
within it having no outlet is compelled by 
the order of specific gravities, to ascend in 
the bell, and thus (as water and air cannot 
occupy the same space at the same, time,) 
prevents the water from rising in the bell. 
A person, therefore, may descend with safe- 
ty in the bell to a great depth in the sea, and 
thus recover valuaible articles that have been 
lost. A constant supply of fresh air is sent j) 
down, either by means of barrels, or by a 
forcing pump similar to the condenser of the 
air pump. In the Fig., B represents the bell 
with the diver in it. C is a bent metallic 
tube attached to one side and reaching the 
air within ; and P is the forcing pump 
through which air is forced into the bell. 
The mrcing pump is attached to the tube by q 
a joint at D. 

When the bell descends to a great depth, 
the pressure of the water condenses the air 
within the bell, and causes the water to ascend in the bell. This 
is forced out by constant accessions of fresh air, supplied as above 
mentioned. Great care must be taken that a constant supply of 
fresh air is sent down, otherwise the lives of those within the bell 
will be endangered. The heated and impure air is allowed to es- 
cape through a stop cock in the upper part of the bell. 

403. The Barometer, or weather glass,* is an instru- 
ment to measure the weight or pressure of the atmos- 
phere, and foretell the variations of the weather. 

404. The Thermometer^ is an instrument to measure 
the heat of the air. 

405. The HygrometerJ is an instrument to measure 
the degree of moisture in the air. 

* The word Barometer signifies the tneaaure of weight. 
t The word Thermometer means the measure of heat, 

% The word Hygrometer means <A« measure of moisture. 




Upon what principle is the diving bell constructed ? What Fig. represents the 
diving bell f Why does not the water rise in the bell f Explain the figure. 
What is a barometer? What does the word barometer mean.' 404. 



403. 

What is a thermometer .' What does the word thermometer mean ? 

¥niat is a hygrometer * What does the word hygrometer mean f 



405. 
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406. Fig. 83 repreaents a barometer. It consists of 
a long glass tube, about thirty-three inches in length, ^' ^' 
cloied at the upper end and filled with mercury. The 
tube is then inverted in a cup, or leather bag, of mer- 
oory, on which the pressure of the atmosphere is ex- 
erted. As the tube is closed at the top, it is evident 
that the mercury cannot descend in the tube without 
prodacing a vacuum.* The pressure of the atmos- 
phere (which is capable of supporting a column of 
mercury of about 28 or 30 inches in height) prevents 
the descent of the mercury ; and the instrument, thus 
constructed, becomes an implement for ascertaining 
the weight of the atmosphere. As the air varies in 
weight or pressure, it must, of course, influence the 
mercurv in the tube, which will rise or fall in exact 
proportion with the pressure. When the air is thin 
and light, the pressure is less, and the mercury will 
descend; and when the air is dense and heavy, the 
mercury will rise. At the side of the tube there is a scale, marked 
inches and tenths of an inch, to note the rise and fall of the mer- 
cury.t 

407. The pressure of the atmosphere on the mercury, 
in the bag or cup of a barometer, being exerted on the 
principle of the equilibrium of fluids, (See JVb. 283,) it 
must vary according to the situation in which the barom- 
eter is placed. For this reason it will be the greatest 
in valleys and low situations, tmd least on the top of 
high mountains. Hence the barometer is oflen used to 



* The vacuum produced by inverting a tube of mercury thus closed at the 
top,ia called the TonriceUian vacuum, fVom Torriceili, an Italian philosopher, 
who first discovered this means of producing it. This method produces the 
most perfect vacuum that can be formed. 

t Any other fluid may be used as well as mercury, provided the length of the 
tube be extended in proportion to the specific gravity of the fluid. Thus, a tube 
filled with water must be 33 feet long, because the atmosphere will support a 
column of water of that height. Mercury is used, therefore, in the construction 
of the barometer, because it does not require so long a tube as any other fluid. 
It may here be remarked, that the air is the heaviest, and that, consequently, the 
mercury will rise highest, in dry weather. In wet weather the dampness ren- 
ders the air less salubriocu, and it appears, therefore, more heavy then, although 
it is, in &ctf much lighter. 



What Figure represents a barometer ? Explain its construction. What is 
said, in the note, with regard to the vacuum produced by inverting a tube 
of mercury thus closed at the top t What height of mercury is the pressure 
of the atmosphere capable of sustaining ? What efiect has the pressure of 
the atmosphere on the mercury in the tube ? In what proportion does the mer- 
cury rise and fiill f In what way can barometers be made of other Ituids f 
Why is mercury used in preference to any other fluid ? Is the air heaviest in 
wet or dry weather? 407. On what principle is the pressure of the atmosphere 
on the mercury, in the cup of a barometer, exerted f What follows fl-om this f 
For what other purpose, beside measuring the pressure of the atmosphere and 
foretelling the variations of the weather. Is the barometer ua^ f Is the air the 
more dense, at the sor&ce of the earth or upon a hill f 
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ascertain the height of mouDtains and other places above 



Fig. 83. 



the level of the sea.* 

408. Fig. 83 represents a thermometer. {See JVb. 
404.) In appearance it resembles a barometer, but it is 
constructed on a different principle, and for a different 
purpose. It consists of a capillary tube, closed at the 
top, and terminated with a bulb, which is filled with 
mercury.t As heat expands and cold contracts most 
substances, it follows, that in warm weather the mer- 
cury must be expanded and will rise in the tube, and 
that in cold weather it will contract and sink. Hence 
the instrument becomes a correct measure for the heat 
and cold of the air. A scale t is placed at the side of 
the tube, to mark the degree of heat or cold, as it is in- 
dicated by the rise and fall of the mercury in the capil- 
lary tube. 

409. The hygrometer, for measuring the degree of 
moisture in the air§ may be constructed of any thing 
which contracts and expands by the moisture or dry- 
ness of the atmosphere, — such as most kinds of wooa ; 
catgut, twisted cord, the beard of wild oats, &c. 



* As the air diminishes in density, upwards, it follows, that it must be more 
rare upon a hill than on a plain. In very elevated situations it is so rare thai 
it is scarcely fit fo^ respiration, or breathing ; and the expansion which takes 
place in the more dense air contained within the body is often painfUI : it occa- 
sions distention, and sometimes causes the bursting of the smaller blood-vessels, 
in the nose and ears. Besides, in such situations, we are more exposed both to 
heat and cold *, for, though the atmosphere is itself transparent, its lower regions 
abound with vapors and exhalations fhom the earth, which fioat in it, and acU 
in some degree, as a covering, which preserves us equally from the intensity or 
the 8un*s rays, and from the severity of the cold. 

t Any other liquid which is expanded by heat and contracted by cold, such as 
spirits of wine, &c., will answer instead of mercury. 

X There are several different scales applied to the thermometer, of which 
those of Fahrenheit, Reaumur, Delisle and Celsius are the principal. The ther- 
mometer, in common use in this country, is graduated by Fahrenheit's scale, 
which, commencing with 0, or sero, extends upwards to 212«, the boiling point 
of water, and downwards to 20 or SO degrees. The scales of Reaumur and Cel- 
sius fix zero at the fr^eezing point of water j and that of Delisle at the boiling ' 
point. 

§ By the action of the sun's hrat upon the surfhce of the earth, whether land 
or water, immense quantities of vapor are raised into the atmosphere, supplying 
materials fbr all the water^hich is deposited again in the various forms of dew, 
fog, rain, snow, and hail. Experiments have been mq^e to show the quantity of 
moisture thus raised from the ground by the heat of the sun. Dr. Watson found 
that an acre of ground apparently dry, and burnt up by the sun, dispersed into 
the air sixteen hundred gallons of water in the space of twelve hours. His ex- 
periment was thus made ; he put a glass, mouth downwards, on a grass plot, on 
which it had not rained for above a month. In less than two minutes the inside 
was covered with vnpor; and in half an hour drops began to trickle down its 

What figure represents a thermometerf Explain its construction. What etSbci 
have heat and cold on most substances f What follows from this i Whose 
scale is generally used in this country f For what is the hygrometer used f Of 
what kind of substances may it be constructed f What experiment is given In 
the note to show the quantity of moisture raised from the ground by the heat 
of the sun? 
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410. The pressure <^ the atmosphere on the iurface 
of a well, or any other portion of water, is the means by 
which water ia raised by the common pump. By ihe 
act of pumping, Ihe pressure of the atmosphere is re- 
moved from the water within the body of the pump, and 
the water, consequently, will rise. 

4)1. Fig. Hi repieeGnts the common pump, called Fl|- M. 
the Buckiog pump. The bod/ conslsls of k luge tube, 
or pipe, the lower end of which is la be immersed in 
the water which it is designed to raise. F is the pis- 
(on, V a vslve in Ihe piston, which, opening upwsida, 
■dmiti Ihe water to rise through it, but preveatii its re- 
turn. Y is ■ similar valve in Ihe bod j orthe pump, below 
the piston. When the pump is not in action the valves 
me closed by Iheii own weight ; but when Ihe piston is 
raised it dmws up the column of water which rested 
upon it, producing a vacuum between the piston and 
l&B lower valve Y. The water below, immediately 
rushes tbrongh the lower valve, and fills the vacuum. 
When die piston descends a second time, (he water in 
the body of the pomp passes through the valve V, and 
on the ascent of the piston is lifted up b^ the piston, 
and a vacuum is again farmed below, which is imme- 
diately filled by the water rushing through the lower 
valve T. In this manner the body of the pump is SUed 
with water, until it reaches (be apout S, where it runs 
out in an Interrupted stream." 
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Fi£. 85. 



412. Water can be raised by the fnressiire of the atmoepbeie 
only about 32 feet ; because the weight or pressure of the atmos- 
phere is equal to the weight of a column or water of that height 
only. But the common pump is so constructed, that afler the pres- 
sure of the atmosphere has forced the water through the ^alre in 
the body of the pump, and the descent of the piston has forced it 
through the valve in the piston, it is lifted up, when the piston is 
raised. For this reason the pump is sometimes called the Ufting 
pump. The distance of the lower valve from the surface of the 
water must never exceed 32 iiifthM ;" and in practice it must be 
much less. . . 

413. The forcing pump differs from the common 

pump in having a forcing power added to raise the water 

to any desired height. 

Fi^. 85 represents the forcing pump. 
The body and lower valve V are similar 
to those in tiie common pomp. The 
piston P has no valve, but is solid; 
when, therefore, the vacuum is pro- 
duced above the lower valve, the water 
on the descent of the piston is forced 
through the tube into the reservoir or 
air vessel R, where it compresses the 
air above it The air, by iu elasticity, 
forces the water out through the jet J 
in a continued stream and with great 
force. It is on this principle that fire 
engines are constructed. 

414. Sometimes a pipe with a valve 
in it is substituted for the air vessel ; the 
water is then thrown out in a continued 
stream, but not with so much force. 

415. Wind is a current of air put in motion. * 

416. Explanati4>n. When any portion of the atmosphere is heated, 
it becomes rarefied, its specific gravity is diminished, and it conse- 
quently rises. The adjacent portions immediately rush into its 
place to restore the equilibrium. This motion produces a current 
which rushes into the rarefied spot from all directions. , This is 
what we call wind. The portions north of the rarefied spot, pro- 
duce a north wind; those to the south produce a south wind; 
while those to the east and west, in like manner, form currents 

* There are two ways in which the motion of the air may arise. It may be 
considered as an absolute motion of the air, rarefied by heat and condensed by 
cold, — or it may be only an apparent motion, caosed by the superior Telocity 
of the earth in its dally revolution. 

413. How high can water be raised by the common pomp f Why ? Why 
is the common pump sometimes called the liflinjr pump ? 413. How does the 
foreinc pump dilTar flrom the common pump } What Fig. represents the (brc- 
iag pamp. Explain it. 415. What is wind i In what two ways may the 
motion of the air be explained ? Explain the manner in which the air is pot ia 
motion. How are the north, soath, east, and west winds produced f 
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moving in opposite directions. At the rarefied spot, agitated as it 
is by winds, noin all directions, turbulent and boisterous weather, 
whirlwinds, hurricanes, rain, thunder and lightning prevail. This 
kind of weather occurs most frequently in the torrid zone, where 
the heat is greatest. The air being more rarefied there than in any 
other part of the globe, is lighter, and, consequently, ascends ; that 
abont the polar regions is continually flowing from the poles to the 
equator, to restore the equilibrium ; while the air rising from the 
equator flows in an upper current towards the poles, so that the 
polar regions may not be exhausted.* A regular east wind prevails 
about the equator, caused by the rarefaction of the air produced by 
the sun in his daily course from east to west. This wind, combin- 
ing with that from tlie poles, causes a constant northeast wind, for 
about thirty degrees north of the equator, and a southeast wind at 
the same mstance south of the equator. 

* From what has now been said, it appeans that there is a circulation of air la 
the atmosphere ; the air in the lower strata flowing f\rom the poles to the eqaa** 
tor } and in the upper strata flowing back from the equator to the poles. It 
may here be remarked, that the periodical winds are more regular at sea than 
on the land; and the reason of this is that the land reflects into the atmosphere 
a much greater quantity of the sun's rays than .the water; therefore, that part 
of the atmosphere which is over the land is more heated and rarefied than that 
"Which JM over the sea ; this occasions the wind to set in upon the land, as we 
find it reipilarly does on the coast of Guinea and other countries in the torrid 
zone. Thereare certain winds called trade-winds, the theory of which may be 
easily explained, on the principle of rarefaction, aflbcted as it is by the relative 
position of the diflbrent parts of the earth with the sun, at different seasons of 
the year and at various parts of the day. A knowledge of the laws, by which 
these winds are controlled, is of importance to the mariner. When the posi- 
tion of the sun, with respect to the diflTerent positions of the earth at the 
elifibrent seasons of the year is understood, it will be seen that they all de- 
pend upon the same principle. The reason that the wind generally sub- 
aides at the going down of the sun is, that the rarefhction of the air, in the 
particular spot which produces the wind, diminishes as the sun declines, and 
consequently the force of the wind abates. The great variety of winds in the 
temperate zones is thus explained. The air is an exceedingly elastic fluid, 
yielding to the slightest pressure ; the agitations in it, therefore, caused by the 
i^ular winds, whose causes have been explained, must extend every way to a 
great distance; and the air, therefore, in all climates will, suflbr more or lesa 
perturbation, according to the situation of the country, the position of moun- 
taina, valleys, and a variety of other caasee. Hence every climate must be 
fiable to variable winds. The ^uo/tty of winds is affected by the countries over 
which they pass ; and they are sometimes rendered pestilential by the heat of 
deserts,' or the putrid exhalations of marshes and lakes. Thus, flrom the deserts 
of AiHca, Arabia, and the neighboring countries, a hot wind blows, ca,lled Samiel^ 
or Simoom, which sometimes produces instant death. A similar wind blows 
ftt>m the desert of Sahara, upon the western coast of Africa, called the Harmat' 
tony producing a dryness and heat which is almost inanpportable, scorching like 
the blasts of a furnace. 



What kind of weather prevails at the rarefied spot ? Where does this kind 
of weather occur moat fl>equently ? What causes a regular east wind to prevail 
about the equator i Why are the periodical winds more regular at sea than on 
the land ? How would you account for the winds called trade-winds, monsoons, 
4bc. What is the reason that the wind generally subsides at the going down of 
the sun f How can the great variety of winds, in the temperate zones, be ex- 
plained ? By what is the quality of winds afl'ected > What is that wind called 
which blows from the deserts of Arabia and Africa f What la that called 
which blows from the desert of Sahara ? 
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SECTION XII. 
nAcousHcs. 

417. Acoustics is the science which treats of the 
nature and laws of sound. It includes the theory of 
musical concord or harmony. 

418. Sound is caused by a tremulous or vibratory 
motion of the air. 

419. Elustration. If a bell be rung under an exhausted receiver, 
no sound can be heard from it ', but vihen the air is admitted to 
surround the bell, the yibrations immediately produce sound. 

420. Again, if the experiment be made by inclosing the bell in a 
small receiver, full of air, and placing that under another receiver, 
from which the air can be withdrawn, though the bell, when struck, 
must then produce sound, as usual, yet it will not be heard if the 
outer receiver be well exhausted, and care be taken to prevent the 
vibrations from being communicated through any solid part of the 
apparatus ; because there is no medium through which the vibra- 
tions of the bell, in the smaller receiver, can 6e communicated to 
the ear. 

421. Sounds are louder when the air surrounding the 
sonorous body is dense, than when it is in a rarefied 
state. 

422. For this reason the sound of a boll is louder in cold than in 
warm weather ; and sound of any kind is transmitted to a greater 
distance in cold, clear weather, than in a warm sultry day. On the 
tops of mountains, &c., where the air is rare, the human voice can 
be heard only at the distance of a few rods ; and the firing of a gun 
produces a sound scarcely louder than the cracking of a whip. 

423. Sonorous bodies are those which produce clear, 
distinct, regular, and durable sounds, such as a bell, a 
drum, wind instruments, musical strings, and glasses. 
These vibrations can be communicated to a distance 
not only through the air, but also through liquids and 
solid bodies. 



417. What is that science called which treats of tHe nature and laws of sound ? 
What does it include f 418. What causes sound f What illustrations are given 
to prove this f 421. In what proportion are sounds loud or (hint ? Why does 
a bell sound louder in cttld than in warm weather f Why is sound fainter cm 
the top of a mountain, than nearer the surface of the earth f 423. What are 
sonorous bodies f 
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424, Bodies owe their sonorous property to their 
elasticity.* 

425. The sound produced by a musical string is 
caused by its vibrations ; and the height or depth of 
the tone depends upon the rapidity of these vibrations. 
Long strings vibrate with less rapidity than short ones, 
and for this reason the low tones in a musical instru- 
ment proceed from the long strings, and the high tones 
from the short ones. 

496. lUustration. Fig. 66, A B represents a musical string. If 
it be drawn up 

toGjitselasUo ^*«- ^• 

ty will not only ./i— 

carry it back ^^*'- 

a^in, but will ..':::'--'\vrJlX™lll"*-^--"l>.. 

give It a mo- ^tl^-^- ^ ■^::--^^ 

mentum which ^ •^^o--. ^> J^ #B 

Will carry it ^*. --.^ — a>-,— — ,-''V 

to H, from **-,^* .^ 'J'^'"'' 

whence it will ***'*'"—•» " 

sacoessiyely re- 
turn to T, r, C, D, &c., until the resistance of the air entirely de- 
stress its motion. 

Tiie vibrations of a sonorous body give a tremulous motion to 
the air around it, similar to the motion communicated to smooth 
water when a stone is thrown into it. 

427. The science of harmony is founded on the rela- 
tion which the vibrations of sonorous bodies have to 
each other. 

T^^s when the vibrations of one string are double those of 
r,,the chord of an octave is produced. If the vibrations of two 
be as two to three, the chord of a fiflh is produced, t When 
tfa» vibrations of two strings frequently coincide, they produce a 
musical chord ; and when uie coincidence of the vibrations is sel- 
dom, a discord is produced. 

* Although it ts ondoabtedly the case that all sonoroos bodies are elaitfe, it 
is not to be inferred that all elastic bodies are sonoroas. 

t When music is made by the use or strings the air is struck by the body, and 
the sound is caused by the Tibrations ; when it is made by pipes, the body ia 
struck by the air ; bat as action and reaction are equal, the effect is the same 
. igaJ>oth cases. 

» • » 

424. To what do sonorous bodies owe their sonorous property f Are all 
elastic bodies sonorous f 425. What causes the sound produced by a musical 
string f Upon what does the height and depth of the tone depend ? Which 
strings, in a musical instrument, produce the low tones f Why f Explain Pig. 
K. 427. Upon what is the science of harmony founded ? How is the cord of 
an octave produced ? How ia the chord of a fiAh prodoced ? How is a masical 
dMxrd produced .' A discord f 

8 




86 NATURAL PHILOSOPHY. 

439. The quality of the sound produced by strings 
depends upon their length, their thickness or weight, and 
their degree of tension. The quality of the sound pro* 
duced by wind instruments depends upon . their size, 
their length, and hollow diameters. 

430. Lon^ and large strings, when loose, prbdnoe the lowest tones; 
bat different tones may be prodaoed from the same string, accord* 
ing to the degree of tension, or. the tightness with which it is 
drawn. Large wind instruments, also, produce the lowest tones; 
and diflerent tones may be produced from the same instrument, ae- 
eording to the distance of the aperture f«>r the escspe of the wind, 
from the aperture where it enters; or, which is the same thing,.the 
length of that portion of the instrument which is struck by the air. 
(See NoU to JV0. 428.) 

431. The quality of the sound of all musical instru- 
ments is affected, in some degree, by the changes in 
the temperature and specific gravity of the atmosphere, 
or the air in the room. 

432. As heat expands and cold contracts the materials of which 
tlie instrument is made, it follows, that the strings will have a greater 
d^iee of tension, and that pipes and other wind instruments will be 
contracted, or shortened, in cold weather. For this reason, most 
musical instruments are higher in tone, (or sharper,) in winter, or 
cold weather, and lower in tone, (or more flat,) in summer, or ia 
warm weather. 

433. Sound is communicated more rapidly and with 
greater power through solid bodies, than through the 
air, or fluids. It is conducted by water about (bur 
times quicker than by air, and by solids about twice as 
rapidly as by water. 

434. If a person lay his head on a long piece of timber, he can 
hear the scratch of a pin at the other end, 'while it could not be 
beard through the air, 

435. By placing the ear against a long, dry, brick wally and 
causing a person to strike it once with a hammer, the sound will be 
heard twice, because the wall will convey it with greater rapidity 
than the air, though each will bring it to the ear. 

429. Upon what does the quality of the Hound prodooed by strings depend f 
Upon what does that produced bv wind instruments defiend f 490. What 
strings produce the lowest tones? How may diflTerent tones be produced 
from the same string f How may diflbrent tones be produced flrom the same 
wind instrument? 431. What, in some degree, aSbcts the quality of the sooad 
of all musical instruments ? 43S. What effbct has heat and cold on the mate- 
rials of which the instrument is made f What follows flrom this ^ Why are 
most musical instruraenu higher in tone, or sharper, in cold weather ? 4SS. 
Through which is sound communicated more rapidly, and with greater power, 
through solid bodies, or the air ? How fast is it conducted by water' How 
last by solids ? 4S4, 485. What examples are given to show that sound is 
Baotemed moce rapidly through solid bodies than the air or fluids ? 
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436. The Stetheacope is an iBtUttment depending on the power 
f){ solid bodies to'conyey sound. It consists of a wooden cv Under, 
one end of which is applied firmly to the breast, while the other end 
is brought to the eai. By this means the action of the lungs, and 
other internal -parts of the .human body, may be distinctly heard. 
The instrument, therefore, becomes useful in the hands of a skilful 
physician, to ascertain the state of the internal organs. ' 

437. Sound, passing through the air, moves at the 
rate of 1142 feet in a second of time. This is the case 
with all kinds of sound. . 

438. The soflest whisper flies as fast as the loudest thunder^ and 
the force or direction of the wind makes but slight difference m its 
velocity. 

This uniform velocity of sound enables us to determine the dis- 
tance of an object from which it proceeds. If, fof instance, the 
light of a gun< fired at sea, be seen a half of a minute before the re- 
Kirt is heard, the Vessel must be at. the distance of six miles and a 
half. In the same manner, the distance of a thunder cloud may be 
ascertained, by counting the seconds between the appearance or the 
fightning and the noise of the thunder, and multiplying them by 
1142 feet. 

439. An echo is produced hy the vibrations of the air 
meeting a hard and regular surface, such as a wall, a 
rock, mountain, &c., and being reflected back to the 
ear, thus producing the same sound a second and some- 
tiines a third and fourth time.* 

440. Speaking trumpets are constructed on the prin- 
ciple of the reflection of sound. 

. 441. The voice, instead of being diffused in the open air, is con- 

* From this it is evident that no echo can be heard at sea, or on an exteniiTS 
plain } because there is no object there to reflect the sound. An echo is heard 
only when a person stands in su^h a situation as tn hear both the original and 
the reflected sound. The pupil infill doubtless recollect what has been said tai 
mechanics with respect to the angles of incidence and reflection. [See numben 
147 and 148.] Sound (as well as light, as will be explained under the head ot 
optics) is communicated and reflected by the same law, namely, that the angles 
of incidence and reflection are always equal. It is not diflicult, therefore, to 
ascertain the direction In Which sound will -proceed, whether it be direct or re* 
fleeted. It is related of Dionysius, the tyrant of Sicily, that he had a dungeon, 
(called the ear of Dionyslus,) in which the roof whs so constructed as to collect 
the words, and even the whispers, of the prisoners confined therein, and direct 
them along a hidden conductor to the place where he sat to listen : and thus hs 
became acquainted with the most secret expressions of his unhappy victima. 
■I . I . I 1 1 1 I .III I . ^— ^^^^■^»^— »• 

. 436. What is a stethoscope f Of what does it consist i For what is it used t 
437. How fast does sound move f. 438. Does the force or direction of the wind 
make any diflTerence in its velocity i What advantage results from this uniform 
-velocity of sound f How can the distance of a thuiider cloud be ascertained? 
439. How is an echo produced f Note. Why cannot an echo be heard at sea, 
or oh an extensive plain i How must a person stand in order to hear an echo f 
By what law- is sound communicated and reflected t What anecdote is related 
l^Dionysiusf .440. Upon what principle are speaking trumpets conMlructcdf 
44i. Explain the manner ia which the vibrations of the air are reflected. 
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fined within the tmmpet; and the vibnitions which ipread and ftll 
against the sides of the instrument are reflected according to the 
angle of incidence, and fall in the direction of the vibrations, which 
proceed straight forward. The whole of the vibrations are thus 
collected into a focus ; and if the ear be situated in or near that spot, 
the sound is prodigiously increased. 

442. Hearing trumpetfl, or the trumpets used by deaf persons, are 
also constructed on the same principle ; but as the voice enters the 
large end of the trumpet, instead of the small one, it is not so much 
confined, nor so much increased. 

443. The musical instrument called the trumpet, acts, also, on the' 
same principle with the speaking trumpet, so far as its form tends 
to increase the sound.* 

444. Sound, like light, afler it has been reflected 
from several places, may be collected into one point, as 
a focus, where it will be more audible than in any other 
part ; and on this principle whispering galleries may be 
constructed. 

445. The famous whispering gallery in the dome of St. Paul's 
church, in London, is constructed on this principle. Persons at 
yery remote parts of the building can carry on a conversation in a 
soft whisper, which will be distinctly audible to one another, while 
others in the building cannot hear it; and the ticking of a watch 
may be heard from side to side. 

446. Sounds can be conveyed to a much greater 
distance through continuous tubes than through the 
open air. 

447. The tubes used to convey sounds are called acoustic tubes. 
They are much used in public houses, stores, counting rooms, &c. 
to convey communications from one room to another. 

448. The quality of sound is affected by the furniture 
of a room, particularly the sofler kinds, such as curtains, 
carpets, &c., because, having little elasticity, they pre- 
sent surfaces unfavorable to vibrations. 

449. For this reason, music always sounds better in rooms with 

* The smooth and polished aarflu^e of the interior parts of certain kinds of 
shells, particolarly if they be spiral or undulating, fit them to collect and reflect 
the various sounds which are taking place in the vicinity. Hence the Cyprias, 
the Nautilus, and some other shells, when held near or in the ear, give a coa» 
tinned sound, which resembles the roar of the distant ocean. 
' 

442. Upon what principle are hearing trompets constructed f 443. How Ihr 
does the musical instrument, called the trumpet, act upon the principle of the 
speaking trumpet ? Note. How can the continued sound, given by some shells, 
when held near the ear, be explained f 444. Upon what principle may whis- 
pering galleries be constructed f 446. In what way can sounds be conveyed to 
a much greater distance than through the air f 447. What are the tubes, used 
to convey sounds, called f 448. Why do the softer kinds of fnrnitura in a room 
affect the quality of the soond f 
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■ 

We waIlB,.withovt carpets, aqd withpat cortatne. For the mme 
teaaoD, a crowded aadienoe increases the difficulty of speaking. 

> As a ffeneral rule, it may be stated, that plane and smooth sur- 
fiioes renect sound without dispersing it, convex surfaces disperse 
. it, ahd concave surfaces collect il. 

450. The air is a better conductor of sound when it i^ 
humid than when it is dry. 

451. A bell can be more distinctly heard just before a rain; and 
sound is heard better in the ni^ht than in the day, because the air is 
generally more damp in the night 

452. The distance to which sound may be heard depends upon 
▼arious circumstances, on which no definite calculations can be 

Eredicated. VolcanoeA^ among the Andes, in South America, have 
een heard at the -distance of three hundred miles; naval engage- 
ments have been heard two hundred; and even the watchword 
**.^Ws well" pronounced by the unassisted human voice, has been 
helird from Old to New Gibraltar, a distance of twelve miles. 

453. The 9ound of the human voice is produced by 
the vibration of two delicate membranes, situated at the 
top of the windpipe, ahd between which the air from the 
lungs passes. The tones are varied from grave to 
acute, by opening or contracting the passage ; and they 
are regulated by the muscles belonging to the throat, 
by the tongue dnd by the cheeks. 

454. The management of the voice depends much upon cultiva^ 
tion ; and although many persons can both speak and sing with 
ease, and with great power, without much att|jition to its culture, 
yet it is found that those who cultivate their voices by use, acquire 
a degree of flexibility and ease in its management, which, in a great 
measure, supplies the deficiency of nature.* 

455. Ventriioquismt is the art of speaking in such a 
manner as to cause the voice to appear to proceed from 
a distance. 

* The reader is reftrred to Dr. Roah*i very valuable work on tbe *<Thtloso- 
Miy of the Human Vnice,** for plain and practical instructiona on thia aubject. 
Ur. Barber^a ^ Grammar of Elocution," and Parker'a ** Progreaaive Exerciaea in 
Rhetorical Reading** likewise contain the same Instructions, in a practical 
form. To the work of Dr. Rush, .both of the latter mentioned worka are laiyely 
Indebted. 

t The word ventriloQulsra literally means, ^^tptakinfffrom the fre//y,*' and it 
Is so defined in Chamliers* Dictionary of Arts and Sciences. The ventriloonist, 
by a aingular management of the voice, seems to have it in his power ** to tkrovt 
Jda voice" in any direction, so that the sound shall appear to proceed from that 
spot» The words are pronounced by the organs usnally employed for that pnr- 

What general rule is given with regard to the reflection of soond? 450. Is 
' the air a better conductor when it Is humid, or when it is dry f 451. Why can 
a sound be heaad better iii the night than in the day f 453. How is the sound 
of the human Voice produced P How are the tones varied and regulated i 
•454. Upon what doea the man«gement of the roioe depend i 455. What is 
Tentriloquism t 

8« 
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456. The art of ventriloquiBin was not unknown to the ancients; 
and it is supposed by some authors that the famous respouses of the 
oracles, at Delphi, at Ephesus, &c., were delivered by persons who 
possessed this faculty. There is no doubt that many apparently 
wonderful pieces of deception, which, in the da^s of superstition 
and ignorance, were considered as little short of miracles, were per- 
formed by means of ventriloquism. Thus houses have been made 
to appear haunted, voices have been heard from tombs, and the 
dead nave been maide to appear to speak, to the great dismay of the 
neighborhood, by means of this wonderful art. 

&7. Ventriloquism is, without doubt, in great measure the gift 
of nature; but many persons can, with a little practice, utter 
sounds and pronounce words without opening the lips or moving 
tiie muscles of the face ; and this appears to be the great secret of 
the art. 



SECTION XIII. 

Pr^onomics, or the Laws of Heat.^ 

458. Pyronomics is the science which treats of the 

laws, the properties, and operations of heat. 

,459. The nature ^ heat is unknown ; but it has been proved 
that the addition of neat to any substance produces no perceptible 
alteration in the weight of that substance. Hence it is interred 
that heat has no weight. 

• 

poee, but in sach a maimer as to give little or no motion to the lips, the orgfOB 
chiefly concerned being those of the throat and tongue. The variety of sounds 
which the human voice is capable of thus producing is altogether beyond com- 
mon l>elief^ and, indeed, is truly surprising. Adepts in this art will mimic the 
voices of all ages and conditions of human life, from the smallest infant to the 
tremidoiis voice of tottering age ; and from the intoxicate foreign beggar to the 
high bred, artificial tones of the fhsbionabld lady. Some will also imitate the 
w^bling of the nightingale, the loud tones of the whip-poor-will, and the 
■cream of the peacock, with equal truth end facility. Nor are these arts con- 
fined to profisssed imitators ; for in maiiy villages boys may be found, who are 
In the habit of imitating the brawling and spitting of cats, in such a manner as 
to deceive almost every hearer. 

The human voice is also capable of imitating almost every inanimate sound. 
Thus the turning and occasional creaking of a grindstone, with the rush of the 
water, the sawing of wood, the trundling and creaking of a wheel-barrow, the 
drawing of bottle corks, and the gurgling of the flowing liquor, the sound of air 
rushing throu^ a crevice on a wintry night, and a great variety of other noises 
of the same kind, are imitated by the voice so exactly, as to deceive any hearer 
who does not know whence they proceed. 

456. Was this art known to the ancients ? What is snppoSbd, by some au- 
thors, concerning the responses at Delphi, Ephesus, &c. f 467. Is ventrilo- 
qoiam a natonl gift, or an acquired one ? 468. Of what does pyronomioi treat ? 
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460. Heat passes throagh some bodies with more difficulty than 
through others j but there is no body nor any kind of matter which 
can completely arrest its progress. 

461. Heat is generally known by the name of Caloric. 
There are two kinds of heat ; or, rather, heat exists in 
two states, called Iree and latent. Free heat, or free 
caloric, is that which is perceptible to the senses, as the 
heat of a fire, the heat of the sun, &c. Latent heat is 
that which exists in most kinds of substances, but is not 
perceptible to the senses, until it is brought out by me- 
chanical or chemical acti9n. 

462. Thus, when a piece of cold iron is hammered upon an anvil 
it becomes intensely heated ; and when a small portion of sul- 
phnric acid, or vitnol, is poured into a phial of cold water, the 
phial and the liquid immeoiately become hot. 

463. A further illustration of the existence of latent or concealed 
heat is given at the fireside every day. A portion of cold fuel is 
placed upon the grate or hearth, and a spark is applied to kindle the 
fire which warms us. It is evident that the heat given out by the 
fiiel, when ignited, does not all proceed from the spark, nor can we 
perceive it in the fuel ; it must, therefore, have existed somewhere 
m a latent state. It is, however, the effects of free heat, or free ca- 
loric, which are embraced in the science of py ronomics. The subject 
of latent heat belongs more properly to the science of cl^emistry. 

464. The terms heat and cold, as they are generally 

used, are merely relative terms ; for a substance whicn 

in one person would excite the sensation of heat, might, 

at the same time, seem cold to another. 

465. Thus, also, to the same individual, the same thing may be 
made to appear, relativelv, both warm and cold. If, for instance, a 
person were to hold one hand near to a warm fire, and the other on 
a cold stone, or marble slab, and then plunge both into a basin of 
lukewarm water, the liquid would appear cold to the warm hand 
and warm to the cold one. 

466. The principal effects of heat, on bodies to which 
it is applied, are three ; namely, First, heat dilates or 
increases the extension of all bodies, whether solid, li- 
quid, or in the form of air, or gas. 

Thus, metals, wood, and other substances, are expanded by the 
application of heat. 



What is stated in No. 459 wltb regard to heat f 460. Can the progress of 
heat be arrested i 461. What is caloric f In what two states does heat exist f 
What is free beat f Give some examples of free heat. What is latent heat f 
Give some examples of latent heat f 464. How are the terms, heat and cold 
generally used i What illustration of this is given f 466. What are the three 
principal efibcts of heat on bodies to which it is appUea ? Give an example oT 
each elTeet i 
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Secondly, heat when applied Id sufficient quantity to 

Ddany kinds of substances, transforms them from a solid 

to a fluid state. 

Thus/metalffy.glass, and many other substances can be melted hy 
the application of a sufficient degree of heat. 

Thirdly, heat, when applied in its greatest degree, 
destroys the texture of many kinds of substances by 
combustion. 

Thus, wood, posil, and other substances are biirnt up by the. ajpr 
plication of heat. 

467. The sources from which heat is derived are. 
First, from the sun, in. connexion with light. Secondly,^ 
from mechanical operations, ; such as friction, percush 
sion, compression, &c. Thirdly j from a variety of 
chemical operations, especially combustion ; and Fourth' 
ly, from living animals and veg^ta^bles. 

468. Heat tends to diffuse itself equally through all 
substances. 

If a heated body be placed near a cold one, the temperature of the 
former will be lowered, while that of the latter will be. raised. 

469. All substances contain a certain quantity of heat; but, by its 
tendency lo diffuse itself equally, and the difference in the power of 
different substances, to conduct it, bodies of the same absolute tern* 
plerature appear to possess different degrees of heat. 

470. Thps, if the hflnd be successively applied to a woollen gar- 
ment, a mahogany table^ and a marble slab, all of which have stood 
for some time in the sanAe room, the woollen ffariiient will appear 
the warmest, and the marble slab the coyest of the three articles ; 
but if a fherniometer be applied to «ach, no difference in^ the temper* 
rature will be observed. 

471. From this it appears, that some substances conduct heat 
readily, and others with great difficulty. The reason that the mar- 
ble slab seems the coldest, is, that marble, being a good conductor 
of heat, receives the heat fVom the hand so readily that the loss is 
instaqtly'felt by the hand ; while the woollen garment, being a bad 
conductor of heat, receives the heat from the hand so slowly that 
the loss is imperceptible. 

472. The different power of receiving and conducting 
heat, possessed by different substances, is the cause of 
the difference in the warmth of various substances used 
for clothing. 

467. Whal are the sources from which heat is xlerived .' 468. In what way 
does heat tend to difflise itself? 469. Why do bodies of. the same absolute tem- 
peratnre appear to possess different degrees of heat ? What illustration of this 
is given * What appears from this } 472. What causes the difibi-ence in th« 
warmth of sulMtancea used for clothing? 
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473. Thus, woollen garmentB are warm garments, beoaQse they 
part slowly with the heat which they acquire from the body, 8:na, 
consequently, they do not readily convey the warmth of the body 
to the air ; while, on the contrary, a linen garment is a cool one, 
because it parts with its heat readily, and^as readily receives fresh 
heat from the body. It is, therefore, constahtly receiving heat from 
the body and throwing it out into the air, while the woollen gar- 
ment retains the heat which it receives, and thus encases the body 
with a warm covering. 

For a similar reason ice, in summer, is wrapped in woollen 
cloths. It is then protected from the heat of the air, and will not 
melt. 

474. Heat is received and conducted with the great- 
est readiness by metals. 

475. For this reason wooden spoons and forks are used in prefer- 
ence to silver ones, to take ice from a plate. The spoon is of the 
same temperature with all other articles in the room ; and if it be 
of silver, or any other metal, it readily communicates its heat to the 
ice and melts it, — but wooden spoons do not so readily part with 
their heat, and will not, therefore, melt the ice so readily. 

476. For the same reason, the handles of tea and coffee pots are 
generally made of wood ; parting with their heat less readily than 
metallic ones, they are less likely to be inconvenient to the hand, 
on account of their heat. 

477. All bodies, whether solid, liquid, or in tjie form 
of gas, when violently compressed or e.xtended, become 
warm. 

478. Experirnent. If a piece of India rubber be quickly stretplr* 
ed and applied to the lip, a sensible degree of heat will be felt. An 
iron bar, by being hammered, becomes red-hot ; and even water, 
lyhen strongly compressed, gives out heat. 

479.' When air is forcibly compressed by driving down the pis- 
ton of a svringe, nearly closed at the end, great heat is produced. 
Syringes have been constructed on this principle for procuring fire, 
the heat, thus produced, being sufficient to kindle dry tinder. 

480. All substances, as they are aflTected by heat, 
may be divided into two classes, namely, combustible or 
inflammable bodies, and incombustible or non-inflamma« 
ble bodies. 

481. Vegetable substances, charcoal, oils, most animal substan- 



Why are woollen garments warm f Why are linen ones cold ? Why is ice 
wrapped in woollen in summer f 474. By what is heat received and conducted 
with the greatest readiness? Why are wooden spoons and forks sometimes 
used in preference to silver ones ? 477. What effect is produced on all bodies 
when violently compressed or extended f What experiments are here related 
to illustrate this ? What is said of the air when strongly compressed f 480* 
Into what classes are all substances, as affected by heat, divided i 
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oeii, as hair,^ wool, horn, fat, and all metallic bodlea, aie combw* 
tible/ 
Stones, glABSf salts,- &c. are incombusliSle. 

482. The pyrometert is an instrument to' show the ex- 
pansion of bodies on the appl ication of heat. It consists 
of a metallic bar or wire, -with an index connected with 
one extremity. On the application of the flame of a 
lamp, or heat from any other source, to any part of the 
bair, the bar expands and turns the index to show the 
degree of expansion. 

483. The most obvious and direct. effect of heat on a 
body, is to increase its extension in a|l directions. 

484. Goopp.rs, wheelwrights, and other artificers, avail themselves 
of this propertv in fixing iron hoops on casks, and the tires or ironf 
on wheels. The hoop or tire having been heated, of course ex- 
pandsj and being adapted in- that state to the casl^ or the wheel, as 
the metal contracts m cooling, it clasps the parts very firmly to^ 
gether4 

485. Heat not only expands metals, wood, &c. but 
also different kinds of stones, chalk, and especially 
glass. 

* The word combustible. literally means, that which can be burnt up. The 
pDpil is referred to No. 49, page 6, for some remarks with regard to the con* 
sumption, or rather the alteration which takes place in bodies daring com- 
bustion. 

t Wedgewood's pyrometer, the instrument commonly nsad for high tempenu 
tures, measures heat by the contraction of clay. 

X From what has been stated above, it will be,seen, that an allowance shoidd 
be made for the alteration of the dimensions, in metallic beams or supporters, 
caused by the dilatation and contraction e/fected by the weather. In the iron 
af ches of Southwark bridge^ over the Thames, the variation of the temperature 
of the air causes a difibrence of height, at difibrent times, amounting to nearly 
an inch. . A happy application of this principle to the mechanic arts, vraa made, 
some -years ago, at Paris.' The weight of the roof of a bui)ding,.in the Conser* 
vatory of Arts andl'rades, had pressed outwards the side walls of the structure, 
and endangered .its aecurity.. The rollowing method was adopted to restore the 
perpendicular direction of the structure. Several holed were made in the walls, 
opposite to each other, through which iron bars were introduced, which, 
stretching across the building, extended beyond the outside of the walls. These 
bars' terminated in screws, at each end, to which large broad nuts were attach- 
ed. Each alternate bar was then heated by means of powerful lamps, and their 
lengths being thus increased, the nuts on the outside of the building were screw- 
ed up close to it, and the bars were suffbred to cool. The powerful contraction 
of the bars drew the walls of the building closer together, and the same process 
being repeated, on all the bars, the walls were gradually and steadily restored 
to their upright position. . 

•" - . ' - . I , |_,.i . _ ,-m 

What substances are combustible? What substances are incombustible f 
482. What is a pyrometer f Of what does it consist ? How does Wedge- 
wood's pyrometer measure high temperatures f 483. What Is the moat obvi- 
ous and direct effect of heat on a body f What application of this principle is 
Seated m the note i 486. What other substances, beside metals, wood, &e, 
oes heat expand? 



} 
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486. These substaneet must, however, be f>eed from moiitare, 
othenvise heat, by dittipatinj; the moi8tnie» will occaaton eon- 
tnotion. 

The effect of heat and cold,* in the expansion and contraction of 
Iflaas, is an object of common observation ; for it is this expansion 
•nd contraction which caufes so many accidents with glass articles. 
Thus, when hot water is suddenly poured into a cold glass, of any 
(brm,tl)e glass, if it have any thiciiness, will crack; and, on the 
contrary-, if .cold water be poured into a lieated glass vessel theaame 
effect will be produced. The reason of which is this : heat makes 
its Way but slowly through glass ; the inner surface, therefore, when 
jUie hot water is poured mto it, becomes heated, and, of course, dis- 
tended before the outer surface, and the irregular expansion caosea 
the vessel to break. There, is less, danger of fracture, therefore, 
when the g^lass is ihin, because the heat readily penetrates it, and 
there is po irregular expansion.! 

487. The expansion caused by beat in solid and li- 
quid bodies differs in different substances ; but aeriform 
fluids all expand alike, and undergo uniform degrees of 
expansion at various temperatures. 

488. The expansion of siilid bodies depends, in some decree, on 
the cohesion of their particles ; but as gases and vapors are oestitate 
of cohesion, heat operates on them without any opposing power. 

489. The density of all substances is augmented by 
cold, and diminished by heat. 

490. There is a remarkable exception to this remark, and that is 
iii the case of water ; which, instead of contracting, expands at the 
fieezing point, or when it is frozen. This is the reason why pitch- 
ers, and other vessels, containing water and other similar flui<u, are 
80 oflen broken when the liquid freezes in them. For the same 

* Cold la merely the shseDce of heat ; or rather, more properly speaktaig, te- 
forior degrees ofheai are termed cold, 

t The glaM chimneys, used for oil and cna bumera, are often broken by being 
suddenly placed, wlien cold, over a liol flame The danger of firnccare may be 
prevented (it is said) by malihig a minute notch on ihe bottom of the tul>e, with 
a diamond. J*hia precaution haa been used in an eHtabIiiihmei)t where six lamps 
were lighted every day, and not a aingle glass -has been brolteu in nine years. 

Why mnat the aubatances be fVeed from moisture ? What ia aaid oftheeflbet 
of heat and cold on glasa > When hot water is suddenly poured into a cold 
glass, why will the glass crack f When cold water is applied to a heat^ glaaa. 
-why will the glaxa crack i 487. Id the expansion caused by heat in solid ana 
. Uqnld bodies the same in all substances f How do aeriform fluids diftbr, in this 
respect, from solid and liquid bodies f Upon what does the expansion of solid 
bodies, in some dt^ree, depend / Why has heat more power over gases and 
vapors i 489. What eflTect has heat and cold upon the density of all substan- 
ees ? What exception is there to this remark } Why are the vesselif, contain- 
ing water, and other similar fluids, so often broken when the liquid flreeiss ta 
them? 
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leason, ice floats* instead of sinking in water ; for as its density u 
diminished, its specific gravity is consequently diminished. 

491. DiflTerent bodies require different quantities of 
heat to raise them to the same temperature, and those 
which are heated with most difficulty retain their heat 
the longest. 

Thus oil becomes heated more speedily than water, and it like- 
wise cools more quickly. 

492. When heat is thrown upon a bright or polished 
surface ft is reflected,! and the angle of reflection will 
be equal to the angle of incidence. [See note to JVb. 
439, page 87, and numbers 147 and 148.] 

493. When a certain degree of heat is applied to 
water it converts the water into steam or vapor. The 
temperature of steam is always the same with that of 
the liquid from which it is formed, while it remains in 
contact with that liquid. When closely confined its 
elastic power is sufficient to burst the vessel in which it 
is confined. 

494. The elasticity or elastic force of steam is in- 
creased and diminished by heat and cold. The amount 
of pressure, therefore, which it will exert depends on 
the temperature at which it is formed. 

* Were it not for this remarkable property of water, large ponds and lalcea, 
exposed to intense cold, would become solid masses of ice ; for if the ice, when 
fbrmed on the surface, were more dense, (that is, more heavy) than the water 
below, it would sink to the bottom, and the water above, freezing in its turn, 
would also sink, until the whole body of the water would be fhnen. The con- 
sequence would be the total destruction of all creatures, Sec. in the water. Bat 
its lightness causes it to continue on die surfhce, protecting the water below 
fVom congelation. 

t Advantage has been taken of this property of heat in the constmction of a 
aim pie apparatus for baking. It is a bright tin case having a cover Inclined to- 
wards the flre in such a manner as to reflect the heat downwards. In this man- 
ner use is made both of the direct heat of the flre, and the reflected heat, which 
would otherwise pass into the room. The whole apparatus, thus connected 
with the culinary department, is called, in New England, ** The Connecticut 
baker." 



Why does ice float upon the water instead of sinking in it ? What is stated, 
in the note, with regard to this property of water f 491. Can all bodies be rais- 
ed to the same temperature by the same quantities of heat f What bodies re- 
tain their heat the longest f 492. What becomes of the heat which is thrown 
upon a bright or polished surfhce f How do the angles of incidence ^nd reflec- 
tion compare with each other ? 493. When is water converted into steam or 
vapor f How does the temperature of the steam compare with that of the 
liquid drom which it is formed, while it remains in contact with that liquid f 
494. By what is the elasticity of steam increased and diminished ? Upon what 
does the amount of pressure, which steam exerts, depend i 
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-496. The great and peeuliar property of iteam, on which ha me- 
ohanioal agencies depend, is its power of creating, at one moment, 
a high degree of elastic force, and losing it instantaneously by the 
next moment. 

496. The steam engiDe is a machine moved by the 
expansive force of steam or vapor. 

497. The steam or vapor of Water occupies a space about 1700 
times larger than water. If, therefore, the steam^ which fills the 
chamber of a- cylinder be suddenly converted into water, it will 
occupy a much smaller space, and produce a vacuum in the 
cylinder. 

498. The mode in which steam is made to act is by causing it to 
raise a solid piston, accurately fitted to the bore of a cylinder, like 
that in the forcing pump. 

499. The piston rod rises by the impulse of expanding steam, ad- 
mitted into tiie cylinder below. When the piston is thus raised, if 
the steam below it be suddenly condensed, or withdrawn from un- 
der it, a vacuum will be formed, and the pressure of the atmos- 
phere on the piston above will drive it down. The admission (rf* 
more steam below it will raise it again, and thus a continued motion 
of the piston, up and down, will to produced. This motion of the 
piston is communicated to wheels, levers, and other machinery, in 
such a manner as to produce the effect intended. 

This is the mode in which the engine of Newcomen and Savery, 
commonly called the atmospheric engine, was constructed. 

500. The celebrated Mr. James Watt introduced two important 
improvemente into the steam engine. Observing that the cooling 
of the cyliilder by the water thrown into it to condense the steam, 
lessened the expans?bility of the steam ; he contrived a method to 
withdraw the steam from the principal cylinder, after it had per- 
formed ite office, into a condensing chamber, where it is recon- 
verted into water, and conveyed back to the boiler. 

501. The other improvement consists in substituting^ the expan- 
sive power of steam for the atmospheric pressure. This was per- 
formed by admitting the steam into the cylinder above the raised 
piston, at the same moment that it is removed from bdaw it ; and 
thus tb^ power of steam is exerted in the descending as well as in 
the ascending stroke of the piston ; and a much greater impetus is 
ffiven to the machinery than by the former method. From the. 
double action of the steam abovCf as well as below the piston, and 
firom the condensation of the steam, afler it had performed its 
office, this engine is called Watt's double acting condensing steam 
engine. • 

502. Illustration. Fig. 87 represents that portion of the steam en- 
^ne in which steam is made to act, and propel such machinery aa 
may be connected with it. Th6 principal parts are the boiler, the 

495. Wbat Is the grell and peculiar property ofiteam, on which its mechan- 
ical agendas depend ? 496. What la the steam engine? 497. How much larger 
apace does steam occupy than water f 498. By what mode is steam made to 
act f 499. By what impalae does the piston rise i What caases t)ie piston ts 
descend f 500. What improvement did Mr. Watt introduce into the stepia 
engine f 502. What does Fig. 87 repnaeat i 

9 
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y«)ve», F «nd G, which tie open^ 

' ' ery connected with the pIstOD. 

pipe by the valves, when opcD, 
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Sipe, with I no 
■anchei' coininuni- 
dtting with the cyl- 
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and the olhei below 

the pinion. Tbiipipe ... ., . ... _, .. 

uid closed slternatelv by machinery connected with the piston. 

lie Bteam is carried through this ( 

to the cjlinder both above and belon 
pipe, having two bunches, like the steam pipe, ruraisbed with 
valves, dec., which aie opened and shut bythesune machineij. 
B^ the eduction pipe Uie slesm is led afTliom the cylinder u the 
pialoa ascends and descends. 

L is the condenser, and O a step cock foi the adiuission of cold 
water. M is the air pump, N is the cistern of cold water in which 
the condenser is trnmened. R is the safety valve. When the 
Talvea ate all open, the steam issues freely from the boiler, and dr- 
culates through atl the parts of the machine, expelling the ur.t 
Now, tlie valves P and Q, being closed, and G sjid f renuuning 
open, the steam presKS upon the cylinder and forces it down. Ai 
it descends, it draws with it the end of (he working beam, which is 
attached to the piston rod J, (but which is not represented in the 
figure.) To (hie working beam, (which is a lever of the first kind,) 
bus or rods are attached, which, rising and falling with the beam 
and the piston, open the stop cock O, admitting a stream of cold 
water, which meets (he steaip from the cylinder and condenses it, 
leaving no force below the piston to oppose its descent. At this 
moment the rods attached to the working beam close the slAi cocks 
O and P, and open F and Q. The slea^ then flows in below Ibe 
piston, and rushes from above it into the condenser, hy which 
* ThB it^iinsnil IhB eduction ilpa an lomellniei mids in iarou dlS^nt 
) Tliis prncBH is cslled bloiiinf Mil, ukf li beard wliea a ileamlioat ii about 
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means the piston is forced np again with the same power as that 
with which it descended. Thus the steam cocks G and P and F 
and Q are alternately opened and closed ; the steam passing from 
the boiler drives the piston alternately upwards and downwards, 
and thus produces a regular and continued motion. This motion of 
the piston, being communicated to the working beam, is by that 
beam communicated to other machinery, and thus an engine of 
great power is obtained. i 

The air pump M, the rod of which is connected with the work- 
ing beam, carries the water from the condenser back into the boil- 
er, by a communication represented in Fig. 88. 

Tne safety valve R is made to open when the pressure of the 
steam withm the boiler is too great. The steam then rushing 
through tne aperture under the valve, removes the danger of the 
bursting of the boiler. 

503. The steam engine"* is constructed in various 
forms ; the principal of which are the high and the low 
pressure engines ; or, m they are sometimes called, the 
non-condensing and the condensing engines. 

504. The non-condensing or high pressure engines differ from 
the low pressure or condensing engines in having no condenser. 
The steam, after having moved the piston, is let off into the open 
air. As this kind of engine occupies less space, and is much less 
complicated, it is generally, used on railroads. 

505. In the low pressure or condensing engines, the steam, after 
having moved the piston, is condensed, or converted into water, 
and t&n conducted back into the boiler. 

* The steam engine, as it is constrncted at the present day, is the result of tha 
tnTentions and discoveries of a number of distinguished individuals, at different 
periods. Among those who have contributed to its present state of perfection, 
and its application to practical purposes, may be mentioned the names of Som- 
erset, the Marquis of WorcestOT, Bavery, Newcomen, Fulton, and especially 
Mr. James Watt. 

To the inventive genius of Watt, the engine is indebted for the eondeiuer, ths 
apptndagea for parallel motion^ the application of the governor^ and for Um 
double action. In' the words of Mr. Jeffrey, it may be added, that, " By his ad^ 
mirable contrivances, and those of Mr. Fulton, it has become 'a thing idike stu- 
pendous for its force and its flexibility ; for the prodigious power it can exerts 
and the ease, and precision, and ductility, with which it can be varied, distrib- 
uted, and applied. The trunk of an elephant, that can pick up a pin, or reni 
an oak, is as nothing to it. It can engrave a seal, and crush maades of obdurata 
metal before it; draw out, without breaking, a thread as fine as gossamer, and 
lift up a ship of war like a bauble in the air. It can embroider musiin. and forga 
anchors; cut sfeel into ribands, and impel loaded vessels against the fiiry of tbs 
winds and waves." ^ 

How is the regular and continued motion produced f To what to thia no* 
tlon of the piston communicated f What is the use of the air pump M .' For 
what is the safety valve R used f 503. What are the principal forma in which 
the steam engine is constructed ? £04. How do they differ flrom each other f 
What becomes of the steam after having moved the piston in the nan-conden»- 
ing engines ? What kind of engines is generally used on railroads ? 505. What 
becomes of the steam after having moved the pistoo in the coodemMag «k- 
ginesf 
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506. Fig. 88 represents Watt's doable acting, condensing steam ' 
engine, in which A represents the boiler, containing a large quantity 
of water, which is constantly replaced as fast as portions are con-> 
▼erted into steam. B is the steam pipe, conveying the steam to 
the cylinder, having a steam cock b to admit or excl^nide the steam 
at pleasure. 

C is the cylinder, surrounded by the jacket c c, a space kept con- 
stantly supplied with hot steam, in order to keep the cylinder from 
being cooled by the external air. D is the eduction pipe, commu- 
nicating between the cylinder and the condenser. £ is the coo- 
(tenser, with a valve 6, called the injection cock, admitting a jet of 
oold water, which meets the steam the instant that the steam enters 
the condenser. F is the air pump, which is a common suction 
pump, but is here called the' air pump because it removes from the 
condenser not only the water, but also the air, and the steam that 
escapes condensation. G 6 is a -cold water cistern, which sur- 
rounds the condenser, and supplies it with cold water, being filled 
by the cold water pump, which is represented by H . I is the hot well, 
containing water from the condenser^ K is the hot water pump, 
which conveys back the water of condensation from the hot well to 
the boiler. 

L L are levers, which open and shut the valves in the channel 
between the steam pipe, cylinder, eduction pipe, and condenser ; 
which levers are raised or depressed by projections attached to the 
piston rod of the pump. M M is an apparatus for changing the 
circular motion of the working beam into parallel motion, so that 
the piston rods are made to move in a straight line. N N is the 
worKing beam, which, being moved by the rising and falling of 
the piston, attached to one end, communicates motion to the fly 
wheel by means of the crank P, and from the fly wheel the mo- 
tion is communicated by bands, wheels, or levers, to the other 
parts of the machinery. O O is the governor. [See Fig. 45, 
fTo. 274.] 

The governor, being connected with the fly wheel, is made to 
participate the common motion of the engine, and the balls will re- 
main at a constant distance from the perpendicular shaft, so long as 
the motion of the engine is uniform; but whenever the enffine 
moves faster than usual, the balls will recede farther from the shaft, 
and, by raising a valve connected with the boiler, will let off such a 
portion of the force as to reduce the speed to the rate required. 

The steam engine, thus constructed, is applied to boate to turn 
wheels having paddles attached to their circumference, which* an- 
swer the purpose of oars. It is used also in workshops, factories, 
&c. ; and different directions and velocities mi^ be given to the 
motion produced by the action of the steam on tne pbton^ by con- 
necting the piston to the beam with wheels, axles and levers, as 
represented in numbers ^37 to 250, page 41. 

508. What do«fl Fig. 88 represent ? What does A represent f What does B 
represent ? What does C represent f What does D represent f What does 
E represent f What does F represent ? What does O 6 represent i What 
does I represent ? What does K represent i What does L L represent f What 
does M M represent f What does N N represent f What does O O repreaeat i 
What is said of the gOTernor ? 
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507. The locomotive engine is a high pressure steam 
engine, mounted on wheels, and used to draw loads on 
a railroad, or other level roads. It is usually accom- 
panied by a large wagon, called a tender, in which the 
wood and water, used by the engine, are carried. 

Fig. 89 represents a side view of the internal coiutniction of a 
locomotive steam engine; in ivhich F represents the fire box, or 
place where the fire is kept ; D the door through which the foel is 
introduced ; G one of the bars of the grate at the bottom. The 
spaces marked B are the interior of the boiler, in which the water 
stands ' at the height indicated by the dotted line. The boiler if 
closed on all sides ; all its openings being guarded by valves. The 
tubes marked e e conduct the smol^ and name of the fuel through 
the boiler to the chimney C C, serving, at the same time, to com- 
municate the heat to the remotest part of the boiler. By this 
arrangement none of the heat is lost, as these tubes are all surround- 
ed by the water. S S S is the steam pipe, open at the top B S, 
having a steam-tight cock, or regulator, V, which is opened and 
shut by the crank H, extending outside of the boilef, and which is 
managed by the engineer.* 

The operation of the machine is as follows : the steam being gen- 
erated in great abundance in the boiler, and being unable to escape 
out of it, acquires a considerable degree of elastic force. If at that 
moment the cock V is opened, by the handle H, the steam pene- 
trating into the tube S at the top, near X, and in the direction of 
the arrows, passes through the tube and the valve V, and enters 
the valve box i. There a sliding valve o o, which moves at the 
same time with the machine, opens for the steam a communicaticm 
successively with each end of the cylinder. Thus, in the figure, 
the entrance on the left hand of the sUding valve is represented as 
bein^ open, and the steam follows in the direction of the dotted 
line into the cylinder,, where its expansive force will move the pis- 
ton P in the direction of the arrow. The steam or air on tlie otner 
side of the piston passes out in the direction of the dotted line to tf, 
which communicates with the tube t f , from which it passes into 
the chimney C, and thence into the open air. The sliding valve 
o o now moves and leaves the right hand aperture open, while it 
closes the one on the left. The steam then drawf the piston back, 
and that portion of the steam on the left of the piston, having per- 
formed its ofiice, passes out of the aperture u, an opening to which 
is made by the new position of the sliding valve. Thus, the sliding 
valve opening a communication, alternately, with each side of the 
piston, the, steam is admitted on both sides of the piston, and having 
performed its office, it passes through the aperture u to the ^ube 1 1, 
and the chimney C, and from thence into the open air. 

Motion being thus given to the piston, it is communicated, by 

* This cock is not seen in th^ figure, becaiue it is in the inaide of the tube. 
Hie figure represents the outside. 

£07 Describe the locomotive steam engine. In the 89th figure, what do F D 
and G represent ? What do the following references respectively represent, 
namely, S S S ? BBB.^ esee^ CC? oot «; Uittt F? B6k7 
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meanfl of the rod R and thelieain G, to the crank K; which, being 
•connected with the aide of the wheel, caoees it to tnm, and thus 
moves the machine. 

Thus conatmctedl and placed on a milroad, the locomotive steam 
engine is advantageously used as a substitute for horse power, fbr 
drawing heavy loiuls. 

The apparatus of safety valves and other appliancai^ for the man- 
ag^ent of the power produced by the maohij^, n^ the same in 
principle, though diffisrent in form firom those iDed !n other steam 
engines ; for a particular description of which^ the student is refer- 
red to practical treatises upon the subject* 

508. Heat is propagated in two ways, nam«!y, by 
conduction and by radiation. Heat is propagated bj 
conduction when it passes from one substance to anoth- 
er in contact with it. Heat is p]»pagated by radiation 
when it passes through the air or any other elastic 
fluid. Different bodies conduct heat with different de- 
grees of facility. The metals are the best conductors, 
and among metals silver is the best conductor. 

509. For this reason any liquid may be heated in a silver vessel 
more readily than in any other of the same thickness. The metals 
stand in the following order, with respect to their conducting pow- 
er, namely, silver, gold, tin, copper, platina, steel, iron, and tead. 

510. It is on account of the conducting power of metalst that the 
handles of metal tea pots, and coffee pots, are commonly made of 
wood ; since , if they were made of metal, they would become too hot to 
be grasped by the hand, soon after the vessel is filled with heated fluid. 
Wood conducts heat very imperfectly. It may be held b^ the fin- 
gers very near the part winch is burning, or red hot. Animal and 
vegetable substances, of a loose texture, such as fur, wool, cotton, 
Ac. conduct heat very imperfectly ; hence their efficacy in preserv- 
ing the warmth of the body. 

• 511. Heat is reflected from bright surfaces ; while 
black or dark colored bodies absorb the heat that falls 
on them. 

* In "^ Practical Treatise on Locomotive Enginea upon Raihoayey^ by the 
ChevaHer F. M. G. De PanUmur, the reader will find a parUcnlar deecription of 
all the parte of the locomotive engine. 

t Metals, on aeconnt of their conducting power, cannot be hsndled when rais- 
ed to a temperature above 120 degrees of Fahrenheit. Water becomes scaldiqK 
bet at 150 deg., but air, heated far beyond the temperature of boiling water, may 
be applied to the skin withoot much pain. Sir Joseph Banks, with several other 

" ■ - - 1 

008. In what two ways is heat propagated f When is it propagated by coa- 
daction f When is it propagated by radiation ? Do all bodies conduct heat 
with the same degree of ftcility i What bodies are the best oonductors * b 
what order do the metals stand with respect to their conducting power f b 
wood a good conductor of heat f Why are wool, fiir, Ac, so efficacious in pre- 
•erring the warmth of the body ? What Is related, in the note, with regard to 
the conducting power of heat f ai. What bodies reject the heat f What 
bodies absorb the heat f 



OPTICS. 105 

51S3. Thii is the lottion why the bright ham andiMNU, or anj 
other bright substances, placed near a hot fire, seldom beoome heat* 
ed; white other dark substances, further lemoyed fiom the fire, be- 
come too hot for the hand. 

513. Snow or ioe will melt under a piece of Uack cloth, when it 
will remain perfectly solid under a white one. The farmers, in 
some of the mountainous parts of Europe, are accustomed to spread 
black earth, or soot, over the snow, in the spring, to hasten its 
melting, and evabte them to commence ploughing early. 



SECTION XIV. 

OpUcs, 

514. Optics is the science that treats of light, of col- 
ors, and of vision, or sight. 

615. The science of optics divides all substances into the follow- 
ing classes ; namely, luminous, transparent, and translucent ; re- 
flating, redacting, and opaque. 

516. Luminous bodies are those which shine by their own light ; 
that is, by light proceeding from their own substance ; such w Ihe 
sun, the stars, a burning lunp, or a fire. 

517. Transparent substanets are those wtich allow light to pass 
through them fi:eely, so that objects can be distinctly seen through 
them; as glass, water, air, &c. 

618. Translucent bodies are those which permit a portion of light 
to pass through them ; but render the object behind them inms- 
tinct ; as horn, oiled paper, colored glass, &c. 

ffnatlemeo, remained some time in a room when the heat was 52 degrees abo^e 
the boUinjR point, — but, though they could bear the contact of the heated air, 
they could not touch aqy metallic snbatance, tm their watch chaina, money, &c. 
Eoa, placed on a Un flrame, were roasted hard in twenty minutes j and a beef 
aleak was overdone in thirty three minutes. 

Chantrey, the celebrated sculptor, has an oven which he uses for dryinf his 
plaster cuts and moulds. The thermometer generally stands at SOO aeg. in it, 
yet the workmen enter, and remain in it some minutes, without difltoilty ; but 
a gentleman once entering it with a pair of silver-mounted spectacles coi, had 
his fhce burnt when the metal came in contact with the skin. 



Why do bright bodies, when placed near a hot fire, seldom beoome heated f 
614. df what does optics treat f 615. Into what-classes does the science of op- 
tics divide all substances ? 616. What are luminous bodies ? Give an example 
of a luminous body. 617. What are transparent bodies ^ Giye an example of 
a transparent body. 618. What are tmnaloceDt bodlss t OlTe aa example of 
a treoahicent body. 
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519. Refieeting nabstanoes are those which do not pennit light to 
p088 through them ; but throw it off in a direction more or less ob- 
uqoe, according as it falls on the reflecting surface j as polished 
steel, looking passes, polished metal, &c. 

520. Refracting substances ■ are those which turn the light from 
its course, in its passage through them ; and opaque substances are 
those which permit no light to pass through them; as metals, 
wood, &C, * 

521. It is not known what light is. Sir Isaac Newton supposed 
it to consist of exceedingly smcSl particles, moving from luminous 
bodies ; others think that it consists of the undulations of an elastic 
medium, which fills all space, and which produces the sensation of 
light to the eye, in the same manner as the vibrations of the air. 
produce the sensation of sound to the ear.*^ 

522. A ray of light b a single line of light proceeding 
from a luminous body. 

523. Rays of ligh^ are said to diverge when they sep- 
arate more widely, as they proceed from a luminous 
body. 

524. Fig. 90 represents the rays of light Fig. 90. P 
diverging as they proceed from the lumi- ~ ^^ 
neuB boffy, from F to D. 




525.. Rays of light are called conversing when they 
approach each other. The point at which converging 
rays meet is called the focus. 

Fig. 91. 
Fig. 91 represents conve^^ng fays of light, 
and the point F is the focus. 





526. A beam of light consists Fig. as. 
of many rays running in paral- 
lel lines. ^^ 

Fig. 92 represents a beam of light ^^ 

527. A pencil of light is a collection of diverging or 
converging rays. 

• The opinions of philoBophera at the present day are inclining to the undiK 
latory theory. ^* 



«5^ «^*^** "* reflecting •abatances ? Give an example of a reflecting body. 
SS:.)i"« v"^ refracting substances? What are opaque substances.^ SSI. 
wnat IB lignt ? What did Sir Isaac Newton suppose it to be f What othor 
oimiions have been formed concerning it f 622. What is a ray of light ? fiS& 
When are rays of light said to diverge ? What does Pig. 90 represent ? S2&, 
When are rays of light called converging ? What is the point, at which coD- 
verging rays m»et^alled ? 626. What is a beam of light f What does Fig. » 
represent .> 627 What is a pencil of light ? uu^d *hi. «• 
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638. A medium is any substance, solid or fluid, 
through which light can pass ; as water, glass, air, &c. 

629. T^e rays of li^ht which proceed from terrestrial 
bodies, proceed in a diverging manner, until they meet 
with some refracting substance ; but the rays of the sun 
diverge so little, on account of the immense distance of 
that luminary, that they are considered parallel. 

530. Light, when proceeding from the sun, or any 
other lummous body, is projected forward in straight 
lines in every possible direction. It moves with a ra- 
pidity but little short of 200,000 miles in a second of 
time. 

531. Every point of a luminous body is a centre, 
from which light radiates in every direction. Rays, 
proceeding from different bodies, cross each other with- 
out interfering. 

532. A shadow is the darkness produced by the in- 
tervention of an opaque body, which prevents the rays 
of light from reaching an object behind the opaque 
body. 

533. Shadows are of different desrees of darkness, because the 
light from other luminous bodies reacoes the spot where the shadow 
is formed. Thus, if a shadow be formed when two candles ar> 
burning in a room, that shadow will be both deeper and darker if 
one of the candles be eztinguiabed. The darkness of a shadow is 
proportioned to the intensity of the light, when the shadow is pro- 
duced by the interruption of the rays from a single luminous 
body.* 

534. When a luminous body is larger than an opaque 
body, the shadow of the opaque body will gradually di- 
minish in size till it terminates in a point. The form of 
the shadow of a spherical body will be that of a cone. 

* As the degree of light and darknev can be estimated only by comparison, 
the strongest light will appear to produce the deepest shadow. Hence, a totd 
eclipse of the sim occasions a more sensible darkness than midnight, because U 
is Immediately contrasted with the strong light of day. 



fifiS. What is a medium ? 529. In what manner do the rays of light proceed 
from terrestrial bodies } In what kind of lines do the rays of light proceed from 
the sun ? 590. In what way is light projected forward from any luminous body f 
With what rapidity, does it move ? 631. From what pointy in a luminous body, 
does light radiate } 532. How is a shadow produced? Why are shadows of 
different degrees of darkness I To what is the darkness of a shadow propor- 
tioned, when the shadow is produced by the Interruption of the rays from a 
single luminous body f 534. What is said of the shadow of the opaque body^ 
when the luminous body is the larger ? 
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BSE. JBnOvtiMt. Fig. 93. A re- 
■reinta the aaii, and B tbe moiHi. 
lie mn, bein^ much larger than the 
mooa, caiue* il to cast a. conTerging 
■hadoff, which tcimiiiatea at E. 

, £36. WfaeA the luminoUB body is emaller than the 
opaque body, the ahadow of the opaque body gradiuUj 
incraABeB in size, with the distaoce, without limit. 



537. BUttralifi. In 
fig. 94 the Bbulo.w of 
Ibe olqecl. A, iiiereaaea 
in liie it the di^ent 
dutancei, B, C, D, E, oi, 
in other words, it- con- 
■tantlj diverge*. 



538. When several luminoug bodies shine upon the 
aame object, each one will produce a shadow. 



light B produces the shadow 
t, the light C, the ahadow e, 
and the Hght D, the shadow d; ^ 
bat as the lioht fioro each of 
the candles shines upon all the 
diadowi, except its own, the 
•hadowa will be faint. . * 



540. When rays of light fail upoit an opaque body, 
which they cannot pass, part of them are absorbed, and 
part are reflected, aod rebound back, like an elastic ball 
which is thrown against a wall. By the reflection of 
light is meant its return or passage from a reflecting 



Eipisin Fi|. S9. S3*, vn 

Ik« lumtiuHU bod) i> ibe u 

jWl t Bililalii Vig. B^ MO. What i> Iliit coDHWna vbin 
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In thif respect, li|^ht it goremed by the nme laws aa thoft 
which relate to solid elastic IxxiieB. 

541. When light falls perpendicularly on an opaque 
body, it is reflected back in the same line, towaras the 
point whence it proceeded. If it fall obliquely, it will 
be reflected obliquely in the opposite direction ; and in 
all cases the angle of incidence^ will be equal to the 
angle of reflection. This is the fundamental law of re- 
flected light. 

542. Opaque objects are' seen only by reflected light. 
Luminous bodies are seen by the rays of light which 
they send directly to our eyes. 

543. The intensity of light is diminished every time 
it is reflected, because all bodies have a tendency to ab- 
sorb a portion of the light which they receive. 

544. Every portion of a reflecting surface reflects an 

entire image of the luminous body snining upon it. 

54Ef. When the snn or the moon shines apon a sheet of water, 
every portion of the snrfiu^ reflects an entire iiiiage of the Inmi- 
naiy ; oat as the image can be seen only by reflected rays, and the 
angle of reflection is always eqnal to the angle of incidence, the 
image can be seen only in that spot where these angles meet. 

546. Objects seen by moonlight appear fainter than 
when seen by daylight, because the light by which they 
are seen has been twice reflected. 

547. The moon is not a luminous body, but its light is caused by 
the sun shining upon it This light, reflected from the moon and 
falling upon any object is again reflected by that object. It sufiers, 
thererore, two reflections ; and since (See JVb. 543.) a portion is ab- 
florbed by each surface that reflects it, the light must be proportion- 

* The angles of iaddence and reflection have already been explained in page 
32, No. 147. As this law of reflected light la one of the moat important in the 
science of optics, it is necessary that the pupil have a clear idea of it. He must, 
therefore, view the particles of light as so many minute balls, bounding against 
a snr&ce, and reflected according to this law. 

By what laws is light govemed, in this respect ? 541. How is ll^t reflected 
when it fidls perpendieularly on an opaque body f How is it reflected when it 
fUls obliquely ? How do the angles of incidence and reflection compare witii 
each other ? How should every particle of light be Yiewed in order to have s 
clear idea of it ? 642. By what light are opaque objects seen i How are lumi- 
nous bodies seen f 543. Why is the intensity of light diminished every time it 
is reflected f 544. Does every pcnrtion of a reflecting sarflMe reflect an entire 
image of Uie tnmlnous body shtaiing upon it f When the sun or moon shines 
iip<m a sheet of water, why do we not see an image reflected flrom every por- 
tion of the surflwe f 546. ¥niy do otOocts, seen by moonli^t, appear ftiater 
dian when seen by daylight f By what light does the moon shme f 

10 
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Fig. 9e. 



ally fainter. In traversing the atmosphere, also, the rays, hoth of 
the sun and moon, suffer diminution , for, although the pure air is a 
transparent medium, which transmits the rays of li^ht freely, it is 
generally loaded with vapors and exhalations, by which some por- 
tion of them is absorbed. 

548. All objects are seen by means of the rays of 
light emanating or reflected from them ; and when no 
light falls upon a body it becomes invisible. 

549. This is the reason why none but luminous bodies can be 
seen in the dark. For the same reason, objects in the shade, or in a 
darkened room appear indistinct, while those which ajre exposed to 
a strong light can be clearly seen. 

550. When rays of light, proceeding from any object, 
enter a small aperture, they cross one another and form 
an inverted image of the object. 

551. Illustration. Fig. 96 represents the 
rays from an object a c entering an aperture. 
The ray from a passes down through the 
aperture to d, and the ray from c passes up 
to bf and thus these rays, crossing at the 
aperture, form an inverted image on the 
wall. The room in which this experiment * 
is made should be darkened, and no light 
permitted to enter, excepting through the aperture, 
comes a camera obscura.* 

552. The angle of vision is the angle formed at the 
eye by two lines drawn from opposite parts of an ob- 
ject. 

553. Fig. 97 repre- ^'^' ^'^' ^ 
sents the angle of vis- 
ion. The line AC y\ 
proceeding from one 
extremity of the ob- 
ject meets the linfe B C 
proceeding from the t 
opposite extremity, 
and forms an angle 
at the eye, or C ', and this is the angle of vision. 

* These words signify a darkened ehcanber. In the future description which 
will be given of the eye, it will be seen that the camera obscura is constracted 
on the same principle as the eye. If a conyex lens (See No. 605,) be plackd in 
the aperture, an inverted picture, not only of a single object, but of the entire 




It then be- 




What absorbs some of the rays of light in traversing the atmosphere f 548. 
How are all objects seen i Why can none but luminous bodies be seen in the 
dark i 5.50. What kind of an image is formed when rays of light, proceeding 
fl-om an object, enter a small aperture .' Illustrate this by Fig. 96. What is a 
camera obscura ! How can a portable camera obsctira be made f 552. How is 
the angle of vision formed i Explain Fig. 97. 
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554. Tig. 98 represents the different angles, made by the same ob- 
ject, at diSerent distances. From an inspection of the Fig. it is 
evident, that the nearer an object is to ~ 
the eje, the wider must be the opening 
of the lines to admit the extremities of 
the object ; and, consequently, the larger c 
the angle under which it is seen ; and, 
on the contrary, that objects at a distance 
will form small angles of vision. Thus, 
in this figure y the three crosses, F G, 
D £, and A B are all of the same size ; but A B, being the most 
distant, subtends the smallest angle* A C B, while D L and F G, 
being nearer to the eye, situated at C, form respectively the larger 
angles, D C £ and F C G.;^ 

555. When an object, at any distance, does not sub- 
tend an angle of more than two seconds of a degree, it 
is invisible. 

At the distance of four miles a man of common stature will thus 
become invisible. 

556. When the velocity of a moving body does not 
exceed twenty degrees in an hour, its motion is imper- 
ceptible. 

It is for this reason that the motion of the heavenly bodies is in- 
visible, notwithstanding their immense velocity. 

557. Illustration. The real velocity of a body in motion round a 
point, depends on the space comprehended in a degree. The more 

landscape, will be found on the wall. A portable camera obscura is made by 
admitting the light, into a box of any size, through a convex lens, which throws 
the image upon an inclined mirror, l^om whence it is reflected upwards to a 
plate of ground glass. In this manner a beautiful but diminished image of the 
landscape, or of any group of objects, ia presented on the plate in an erect po- 
sition. 

* The apparent size of an object depends upon the size of the angle of vision. 
But we are accustomed to correct, by experience, the fallacy of appearances ; 
and, therefore, since we know that real objects do not vary in size, but that the 
angles under which we see them do vary with the distance, we are not deceived 
by the variations in the appearance of objects. Thus, a house, at a distance, 
appears absolutely smaller than the window through which we look at it; 
otherwise we could not see it through the window ; but our knowledge of the 
real size of the house prevents our alluding to its apparent magnitude. In Fig. 
98 it will be seen that the several crosses, A B, D E, and F 6, although very 
difibrent in size, on account of their different distances, subtend the same angle 
A C B ; they, therefore, all appear to the eye to be of the same size. 

It Is upon a correct observance of the angle of vision that the art of perspec- 
tive drawing is indebted for its accuracy. 

What does Fig. 98 represent f What efTect has the nearness oC the object to 
the eye, on the angle f Illustrate this by the Figure. Upon what does the ap- 
parent size of an object depend f Why do objects appear so large f To what ia 
the art of perspective drawing indebted fbr its accuracy I 565. How large an 
angle must a body subtend to be visible .' 556. When is the motion of a body 
invisible ? Why is the motion of the heavenly bodies invisible f Upon what 
does the real velocity of a body, in motion round a point, depend f 
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dartant the moYinff body from the centre, or, in . Pig- 9& 
other words, the uiger the circle which it has % 

to describe, the larger will be the degree. _ J? 



In Fig. 99 if the man at A, and the man at B 
both sttft together, it is manifest, that A most 
more more rapiiUj than B, to arrive at C at the , aji 






same time tint B reaches D ; becaoae the arc 
A C is the arc of a larger circle than the arc B D. 
But to the eye at £, the velocity of both ap- 
pears to be the same, because both are seen nn- ^ ^ 9 
der the same angle of vision. 

558. Light is said to be reflected when it is thrown oflf 
from the bodj on which it falls. 

559. It has abeady been stated {See Ab. 540.), that when light 
fiiUs upon any body, part of it is ab^ibed and put is reflected. It 
remains now to be observed, that light is reflected in the largest 
quantities from the most highly polished surfaces. Thus, although 
most substances reflect it in a degiee, polished metals, looking-glu- 
ses, or mirrors, &c. reflect it in so pe^ct a inanner as to' convey to 
our eyes, when situated in a proper position to receive them, per- 
fect images of whatever objects shine on them, either by their own, 
or by borrowed light. 

560. That part of the science of optics which relates 
to reflected light is called Catoptrics. 

561. Rays of light are reflected according to the 

same laws which regulate the motions of elastic solid 

hodies. 

Thus, a ray falling on a reflecting surface will be thrown off 
from that surrace in such a manner that the angle of incidence will 
be equal to the ansle of reflection.* This is me fundamental law 
of catoptrics or re&cted light. 

562. An incident ray is a ray proceeding to, or fall- 
ing on any surface ; and a reflected ray is the ray 
which proceeds from any reflecting surface. 

563. Fijg. 100 is designed to show the angles of incidence and 
of reflection. In this figure MAM is'a mirror, or reflecting sur- 

* Hie anglM of incfdenoe and reflection have already been dieaciibed in page 
SS, No. 131, bat as all the phenomena of reflected light depend npon the law 
•uted abovok and a clear idea of these angles is necessary, tn order to under- 
stand the law, it is doMoed expedient to repeat in this connexion the explana- 
tion alrauiy ^Ten. 

Explain Fig. 99. Why does the velocity of both, to an eye at E, appear to be 
the same ? £58. When is light said to be reflected ? What becomes of the 
light which IhUs npon bodies ? What snrfhces reflect the largest quantity of 
lisht ? 560. What is catoptricp ? 561. By what laws are rays of light reflect- 
ed i What Is the ibndamental law of catoptrics f 562. What is an Incident 
ray f What is a reflected ray f What does Fig. 100 represent f Explain 
the Figure. 
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Fig. 100.; 



M 




feoe. P is a line perpendicular to the sur- 
face. I A represents an incident ray, falling 
on the mirror in such a manner as to form, j^ 
with the perpendicular P, the angle I A P. 
This is called the angle of incidence. The 
line R A is to be drawn on the other side of 
P A in such a manner as to have the same 
inclination with P A as I A has, so that the j^ 
angle RAP will be equal to I A P. The 
line R A will then show the course of the re- 
flected ray ; and the angle RAP will be the 
angle of reflection. 

564. From whatever surface a ray of light 
is reflected, whether it be a plain surface, a 
convex surface, or a concave sarface, this law 
invariably prevails; so that if we notice the inclination of any inci- 
dent ray, and the situation of the perpendicular to the surface, on 
which it falls, we can always determine in what manner, or to what 
point it will be reflected. This law explains the reason why, when 
we are standing on one side of a mirror, we can see the reflection 
of objects on Qie opposite side of the room, but not those on the 
same side on which we are standing. It also explains the reason 
why a person can see his whole figure in a mirror, not more than 
half of his height. It also accounts for all the apparent peculiari- 
ties of the reflection of the different kinds of mirrors. 

565. There are three kinds of mirrors used in optics, 
namely, the plain, the concave, and the convex mir- 
ror. Plain mirrors are those which have a flat surface, 
such as a common looking glass ; and they neither 
magnify nor diminish the image of objects reflected from 
them. 

566. Convex mirrors have a convex surface, that is, 
a surface bulging outwards ; and they diminish the im- 
age of objects reflected from them. A convex mirror is 
a portion of the outside of a sphere. 

567. Concave mirrors have a concave surface, that is, 
a surface hollowing inwards ; and under certain circum- 
stances magnify the image of^ objects which they reflect.* 

* Concave mirrors ■ometimes present a magnified, sometiipes aa equal, and 
sometimes a diminished image. The size of the in^ge depends upon the dis- 
tance of the object fh)m the surface of the mirror. 



Do the different kinds of surfaces, firom which light is reflected, cause any Tarl- 
ation from this rule f How can you explain the reasoq, why, whed standing oa 
one side of a mirror, we see the reflected objects on the opposite side f 565. 
What are plain mirrors ? How do they make the image appear I 566. What 
are convex mirrors I How do they make the image appear f What part of a 
sphere is a convex nflrror i 567, Wbat are concave nUrron ? How do thej 
make the image appear i 

10* 
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A concave mirror k a portion of the inner surfiice of a 
sphere. 

568. mustratum. In Tig. PiC- 101. Q 
101 M N repieaeiito both a 
convex aod a concave nuT' 
ror. They aie both a por* 
tion of a sphere of which O 
is the iStntre. The oater 
part of M N is a convex, and 
the inner part is a concave 
mirror. Let A B, C D, E 
Fy represent rays falling on 
the convex mirror M N. As 
the three rays are parallel, 
they would all be perpen- 
dicular to a plane or flat mirror ; bat no ray can ftll perpendkm- 
larly on a concave or convex mirror, which is not directed toward 
the centre of the sphere of which the mirror is a portion. For this 
reason the rav C D is perpendicnlar to the mirror ; while the other 
rays A B and £ F fall obliquely upon it. The middle ray therefiire 
falling perpendicularly on the mirror, will be reflected back in the 
same line, while the two other rays ftllinf obliquely will be re- 
flected obUquely ; namely, the ray A B will be reflected to G and 
the ray £ F to H, and the angles of incidence A B P and £ F T 
will be equal to the angles of reflection P B 6 and T F H, and 
since we see objects in ue direction of the reflected rays, we shall 
see the imace at L, which is the point at which the reflected rays if 
continued uirough the mirror would unite and form the ima^e. 
This point is eqtudly dbtant from the surface, and the centre of ue 
sphere, and is called the imaginary focus of the' mirror. It is call- 
ed the imagmary focus, because the rays do not really nnits at that 
point, but only appear to do so ; for the rays do not pass thioii|^ 
the mirror, since they are reflected by iL 

569. The image of an object reflected from a convex minw is 
smaller than the object. 



570. nbutra- 
tion. This is 
owing to the di- 
vergence of the 
reflected rajrs. 
A convex mir- 
ror converts, by 
reflection, par- ^ 
allel rays into 
divergent rays; 
rays that fall 
upon the mirror 
divergent,, are 
rendered still 
more divergent 



P|(. Its. 




What part of a sphere ia a concave mirror f In Fig. 101, which part of the 
■phere represents a convex miiror ? Which part a concave mirror f Esplaia 
the Figure. 
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by fefleetion, and convergent njrg are reflected either, parallel, or 
less convergent. If, then, an oQect A B be placed before any part 
of a convex mirror, the two rays A and B proceeding from the 
extremities, falling convergent on the mirror, will be reflected leaa 
convergent, and will not come to a focna until they arrive at C : 
then an eye placed in the direction of the reflected rays will see 
the image formed in (or rather behind) the mirror at a 6 ; and as 
the image is seen under a smaller angle than the object, it will ap- 
pear smaller than the object. (See JVo. 552.) 

571. Concave mirrors have the peculiar property of forming 
images in the air. . The mirror and tne object being concealed be- 
hind a screen, or a wall, and the- object being strongly illuminated, 
the rays from the object fall upon the mirror, and are reflected by it 
through an opening m the screen or wail, fbrming an imaffe in the 
air. Showmen have availed themselves of this property of concave 
mirrors, in producing the appearance of apparitions, which have 
terrified .the young and the ignorant. These images have been 
presented with neat distinctness and beauty, by raising a fine 
tnmsparent cloud of blue smoke, by means of a chafing-dish, around 
the focus of a large concave mirror. 

The true locus of a concave mirror is a point equally distant from 
the centre and the surfiice of the spheie, of which the mirror is a 
portion. 

572. When an object is further from the concave mirror .than its 
focus, the inm9 will be inverted ; but when the object is between 
the mirror and its focu^ the ittiage will be upright, and grow larger 
in proportion as the object is placed nearer to the mirror. 

573. The image reflected by a concave mirror is larger than the 
object, when the object is placed between the mirror and its focus.* 

574. Hhistra- 

tUm. This is ow- ^te- 108. 

ing to the con- 
vergent proper- 
ty of the con- 
cave mirror. If 
the object A B 
be placed be- 
tween the con- 
cave mirror and 
its focus /, the 
rays A and B 
from its extrem- 
ities will faU di- 
vergent on the 
mirror, and, on 

* There an three essss to be eonsMswd with ragvd to tke efltots orconeave 
mirroni! 

1. When tlie ol||eet is plaosd between the nirror and the priadpal fbcos. 




m. What peenllar property belong! to conesTe niirroni * How can this be 
done i VHiere is the true focos of a ooncsTe mirror ? 572. How does an ob- 
jeet appear when placed ftrther from a concave mirror than its focus f How 
must an object be placed to appear upright ? In what proportion does the size 
of the ofegect increase f 679. Do concave mirrora always present magnified 
imsgea.' 
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1)ein£^reflectedy become less divergent, as if they proceeded from 
C. To an eye placed in that situation, namely, at C, the image 
will appear magnified behind the mirror, at a 6, since it is seen un- 
der a larger angrie than the object. 

575. The following facts result from the operation of the law 
already stated as the fundamental law of catoptrics, namely, that 
the angles of incidence and reflection are always equal. The truth 
of these statements may be illustrated by simple drawings; always 
recollecting, in drawingthe figures, to make the angles of incidence 
and reflection equal. The whole may also be shown by the simple 
experiment of placing the flame of a candle in various positions, 
before both convex and concave mirrors : 

First, tVitfi regard to Convex Mirrors. 

576. Parallel rays, reflected from a convex surface, are made to 
diverge. 

577. Diverging rays, reflected from a convex surface, are made 
more diverging. 

578. When converging rays tend towards the focus of parallel 
rays, they will become parallel when reflected from a convex 
surface. 

579. When converging rays tend to a point nearer the surface 
than the focus, they will converge less when reflected from a con- 
vex surface. 

580. If converging rays tend to a point between the focus and 

2. When it ia situated between its centre of concavity and that fbcus. 
S. When it is more remote than the centre of concavity. 

1. In the first case, the rays of light diverging after reflection, but in a less 
de^ee than before such reflection tooli place, the image will be larger than the 
otyect, and appear at a greater or smaller distance from the surface of the mir- 
ror, and behind it. The image in this case Will be erect. 

2. When the object is between the principal focus and the centre of the mir- 
ror, the apparent image will be in flront of the mirror, and beyond the centre, 
appearing very distant when the object is at or just beyond the focus, and ad- 
vancing towards it as it recedes towards the centre of concavity, where, as 
already stated, the image and the object will coincide. During the retreat of 
the object, the image will still be inverted, because the rays belonging to each 
Yisible point will not intersect before they reach the eye. But in this case, the 
image becomes less and less distinct, at the same time that the visual angle is 
Increasing ; so that at the centre, or rather a little before, the image becomes 
confused and imperfect ■, owing to the small parts of the object subtending an- 
gles too large for distinct vision, just as happens when objects are viewed too 
near with the naked eye. 

S. In the cases Just considered, the images will appear erect; but in the case 
where the olgect is fUrther from the mirror, than its centre of concavity, the 
Image will be inverted : and the more distant the object is from Uie centre, the 
less will be its image, and the further firom the said centre, or the nearer the 
focus and the converse, the image and object coinciding when the latter ia sta- 
tioned exactly at the centre, as noticed in the preceding case. 



575. What ihcts are stated with regard to convex mirrors, as resulting (torn 
the fundamental law of catoptrics f 576. What is said of parallel rays f 577. 
What is said of diverging rays f 578. What is said of converging rays, wbiea 
they tend towards the focus of parallel rays f 579. What is said of converging 
rays, when they tend to a point nearer the surface than the focus f 580. What 
is said of converging rays, when they tend to a point between the ibcus and the 
centre.^ 
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the centre, they will diverse as. from a point on the other side of 
the oentre, farther from it t£an the point towards which they eon* 
yerged. 

Sol. If conyerging rayii tend to a point beyond the centre, they 
will diverge as from a point on the contrary side of the centre, 
nearer to it than the points towards which they converged. 

582. If converging rays tend to the centre when reflected from a 
cbiryKx mirror, Uiey will proceed in a direction as far from the 



Secondly, With regard to Conease MirrorB, 

563. Farallel rays, refle<^d from a concave . surface, are made 
converging. 

584. Converging rays, falling upon a concave snrfkoe, are made 
to conver^ moi'e. 
. 585. Diverging rays, falling upon a concave sur&ce, if they 
/ diverse from a focus of parallel rays, become parallieL 

586. If from a point nearer to the surface than that focus, they 
diverge less than before reflection. 

5Sff: If from a point between that focus and the centre, they con- 
verge, after reflection, to some point on the contrary side of the 
centre, and fiuiher from the centre than the point from which they 
diverged. 

588. If fh>m a point beyond the centre, the reflected rays will 
converj^ to a point on the contrary side, but nearer to it than the 
point m>m which they diverged. 
. 589. If from the centre, they will be reflected thither again.* 

In estimating these angles, it must be recollected, that no line is 
perpendicular to a convex or concave mirror, which will not, when 
sumciently prolonged, pass through the centre of the sphere of 
' which the mirror fis a portion. 

* The aboTe fonrteen priBciplea, relating to raya of light reflected from coo- 
vex and concaye sorftcea, all result from the same Amdamental law of catop- 
trtes, which has already been atated aeveral times, namely, that when light fiula 
on any reflecting surfkce, it will invariably be reflected in such a manner as to 
make the angle of reflection equal to the angle of incidence. 

t Mhtora for looking-glasaea) may be made of polished metal, or glaaa, with 
the baclL covered with an amalgam, or mixture of meroory and tinfoil. It ia the 
smooth and bright aurfluce of the'mercury that reflecta the raya, the glass acting 
only as a transparent case, or covering, through wliich the rays find an eaay 
paasage. Some of the rays are absorbed in their passage through the glass, be> 
cause the purest glass is not free from imperfections. For this reason, the best 
mirrors are made of fine and highly-polished steel. 

Concave mirrors, by the property which they posseas of canaing parallel nys 
to converge to a ^na, are sometimes used aa buming-glsaaea. M. Dulhy msds 



581. What ia aaid of converging rays, when they toad to a point beyond the 
centre ? 582. What is said of converging rays, when they tend to the centre ? 
583. What is said with regard to parallel rays, when reflected ftt>m a concave 
surftce ? 584. What is said of converging rays r 585. MThat is said of diver^ng 
rays, if they diverge from a focos of parallel rays ? 586. What, if from a point 
nearer to the snrfkce than that fiicus f 587. what, if from a point between 
that focus and the centre ? 588. If from a point beyond t^e centre ? 589. If 
from the centre i JYgte. From what do these fourteen priiiciples, stated above, 
result ? How can you prove whether a line be perpendicular to a convex or a 
concave mirror ? Ifote. MThat is said with regard to mirrors ? Of what are 
^he best mirrors made i For what are concave mirrrara aometimea used f 
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SECTION XV. 
Refraction of Light, — Optics continued, 

590. That part of the science of optics which treats 
of refracted light is called Dioptrics.'^ - 

591. By the refraction of light is meant its being 
turned or bent. from its course ; and this always takes 
place when it passes obliquely from one medium to an- 
other. 

5l)'i. Ry a inedium,t in optics, is meant any substance throagh 
whioli Uifnt can pass. Thus, air, glass, water, and other fluids, are 
niodia. 

593. There are three fundamental laws of dioptrics, 
on which all its phenomena depend, namely : 

^Vryf. Whrn liglit passes from one medium to another, in a direc- 
tion |H^r|MMulicuUir to the surface, it passes on in a straight line 
without ftUorinji its course. 

Sti\mti. Whou lijfht passes in an oblique direction, from a rarer 
to li ^rHiift medium, it will be turned from its course, and proceed 
t)m>U)fh the den»i^r medium le^ obliquely, and in a line nearer to 
a jVM'^HM\dieulrtr to its surface. 

/^v^r When \\^\\i passes from a denser to a rarer medium, it 
Mwm'!* thi>>uvrh the rarer medium in a more oblique direction, and 
In n hue tUrther iVom a perpendicular to the surface of the denser 
m<»Uium. 

a ooiu^AY^ mirror of )))«*t(Hr of Paris, irilt and burnished, 20 inches in diameter: 
wUfe N>hloh h» a<»t Arnt to tinder, nt the distance of titty feet. But the most re- 
lll»rl^»K)\) ihiujt (a'lli«> KUid (tn re^H>i\), is the compound mirror constructed by 
ltu(t\at, )lt» HroMUStHi lt»v^ «uihU plaue mirrors in such a manner as to reflect 
l^dtAUl \ujUl «uU UtHkl to the saiue focuvs like one large concave mirror. With 
(hM ikiM^« <«' ^(* ^ ^vas able to set wood on fire at the distance of 209 feet, to melt 
Vrn^ at UK^ HHt, aud »ilv«rat dO tHn. 

* Tlw l^owiNT \M'b«ii^ ret>acted is called r^firoHgiAility. 

i X^^ l^Uiral uuiubiNr ot'this word is mfim, although medium$ is sometiines 
WWHi. A iu«siOOo is caU«Ht dea»«» or rare, in optics, according to iu refiractive 
^wiNTv au^l not HvWurduijE to its stt^ific irraTitT. Thus, alcohol, and many or 
th» «iMHkut(a) i4K aUhoMch of k<«s apecific fraTity than water, have a greater 
riMhict)iM( |H^\>Yr^ aud aro, therel^>r«> called deaser media than water. In the 
^lowtu« lut, th« \artouasuhstattc«« are enumerated in the oider of their re- 
Iractiv* |H»\v«r« iir, in other wtvrd», in the order of their density, the last mes- 
«**•*« ^^»«VE iH«> deuwMt, and the Itrat the rarest, namelv : air, ether, ice, water, 
uetAo^aluiOk oUw «i^ oU ol* t^rpeatiae^ amber, ^oanx, glass, melted aniphnr. 



»X J\ hat » Dioi^trics ? wi. What is mewt hy tke rHKetioa of light ? 
W^M does thki teU ptace > 5Sfi. What Is a meilinm. m optics ? Gi^ some 
mm^ of media. .Vote. U what proportioa k a medism dene or r«e * 
MOl Wkat an ika Itew fttmJameMtal laws ofdloptiks » 
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hM. lUtutratiai. In Fig. 104, the line A B repmenta a ra; of 

light pBsaiDg from air into nut^r, io a perpeadiculai direction. Ao- 
oordine to the Grst liw, stated nboTe, it will continae on in the 
aanie Fine through the <len«er medium to E. „ ^^ 

If the ray weif to paas upward through the g *' 

deoaer medium, the water, in the umH per- ]S 



pendicular direotioo to the air, by the aami 

W ii —-'' '• — ■■ ■" ■■• 



lutd also c 
night lii 



i 



t if the ray proceed from a rarer to ■ 
a oeiuer medium, in an obhque direction, aa M 
from C to B, when it enters the denser medi- ■ 
iim it will aot continue on in the eame straight H 
line to D, but, bj the secoad law, slated 
above, it will be refracted or bent out of its course, and proceed in 
a lesB obliqae direction to F, whicliis Dearer the perpendicular A B 
£ than D IS. 

506. Again, if the ray proceed from thi> denser medium, the 
water, to the rare medium, the air, nainelj, from F to B,— ingtead 
cf pursuing its straight course to G, it wiTl be refracted secofding 10 
the third law above stated, and proceed in a more oblique direc- 
tion to C, which ii further from the perpendicular ABE than Q ia. 

lays fall more orlcsa obliquely on the refracting surface. 

59T. From what has how been »lated, with regard to refracdoo, 
it will be seen that many interesting facU may be explained. Thus, 
mD oar or a stick, when partly immersed in water, appein bent, be- 
cause we see one part in one medium, and the otner in another 
laedinm ; the part which is in the water appears higher than it really 
ii, on account of the lefractioo of the denser medmm. 

SSS, For the same reason, when we look obliptely upon a bodj 
of water it appears more shallow than it really is. But when we 
look perpendKidaHy downwards, from a boat, we are liable to no 
■nch deception, becanse there will be no refraction. 

699. Let a piece of money be put into a cup or a bowl, and the cup 
and the eye be placed in such a position tliat the side of the cup will 
just hide the money from the sigat, then keeping the eye still, let the 
cop be filled with water, — the money will become distinctly visible. 

600. The refraction of light prevents our seeing the 
heavenly bodies in their real situation.* 

• Tfaeni !■ moiher mun, alio, wh; we do not ■« Ilia haamily bulks Is 
UhIt irue iltuallon. Uglii, though II moie with (resl •eloeily, li abool t l-S 



.09 Iho refrtcllon IncrtMe o! diminUh ? *a7. Why iJoai sn 

be waier appear higher ihsn il reslly u f Whj doo a hody 
lened Dhliquely. appear more ■hBllDH Ihao II real); l> ? In 

1. Whj do ws Dsi see (he hnisalf bodita In ihelr ml Miu- 
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001. The G^ which fbew aeiid to n k wgfi ae t ed in pMns 
tiiroagli the ataMmheie, ana we see the ran, the sten, fte. in the 
diieetion of the lenacted nj. In conaeqiienee of this atnKM|rfierie 
lefimctioii the ran aheds hts l%ht npon na earlier in the monnng 
and later in the evening, than we ahoold otherwiae p e i ee ive it. 
And iriien the aon ia aeSudlj below the horiatm, tfaoae nja winch 
woold otherwiae be diaripated throng^ epeee, are refracted bj tiie 
atmoaphere towarda the anrftoe of the earai, canaing twiiigfat. The 
greater the density of the air the higher ia its refr a cti ye power, and^ 
ooDae<iiiently, the longer the dnntion of twilight. 

602. When a raj of light passes from one medium to 
another, and through that into the first again, if the two 
refractions be equal, and in opposite directions, ho sen- 
sible effect will be produced. 

603. This explains the reason why the refiactiye power of flat 
window-^laas prodnces no efiect on objects seen throngh it. The 
lays sofier two refractions, which, being in contrary directions, pro* 
dnce the same effect as if no refraction nad taken place. 

604. A lens is a glass, which, according to its peculiar 
form, causes the rays of light to converge to a focus, or 
disperses them further apart, according to the \9ms of 
refraction. 

605. There are various kinds of lenses, ntoned ac- 
cording to their focus ; but they are all to be considered 
as portions of the internal or external surface of a 
sphere. 

Fig. 106. 
ABC 
€06. A aingle 
convex . lens has 
one side flat and 
the other convex ; » 
as A in Fig. 105. 

607. A single 
concave lens is flat 
on one side and 
concave on the other, as B in Fig. 105. 



B 




O 



u, the fun has quitted the spot he occupied on their departure; yet we 

him in the direction of those rays, and, consequently, in a situation which he 
abandoned eight minutes and a half beforio. The refraction of light does not 

001. In ^hat direction do we see them f What causes twilight .' Upon what 
does the duration of twilight depend i What other reason is given, in the note, 
why we do not see the heavenly bodies in their true situation i When does the 
refraction of light not aflhctthe appearance of the heavenly bodies f Why do the 
heavens appear bright In the day time f 602. What effect is produced when a 
ray of light passes from one medium to another, and through that into the first 
again f Why does the refractive power of fiat window^glass produce no 
eflbct on objects seen through it ? 604. What is a lens f 605. How are all 
leases to be considered f What is a single convex lens ? What part of Fig. 105 
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608. A double convex lens is convex on both ndeti as C, Fiff. 105. 

609. A double concave lens is concave on both sidesi as D, Tig, 
106. 

610. A meniscus is convex on one side and concave on the other, 
as £, Fkr. 105. 

611 . Tne axis of a lens is a line passing through the centre ; thus, 
F Gy Fig. 105, is the axis of all the five lenses. 

612. The peculiar form of the various kinds of lenses 
causes the light which passes through them to be re- 
fracted from its course. {According to the laws stated in 

JSo. 593.) 

613. It will be remembered that, according to the laws stated in 
No. 593, light, in passing from a rarer to a denser medium, is re- 
fracUd towards the perpendicular; and, on the contrary, that in 
passing from a denser to a rarer medium, that it is refracted further 
from the perpendicular. In order to estimate the efiect of a lens, 
-we* must consider the situation of the perpendicular, with respect to 
the surface of the lens. Now, a perpendicular, to any convex or 
concave surface, must always, when prolonged, pass through the 
centre of sphericity ; that is, in a lens, the centre of the sphere of 
which the lens is a portion. By an attentive observation, therefore, 
of the laws above stated, and of the situation of the perpendicular 
on each side of the lens, it will be found in general^ — 

Firsty That convex lenses collect the rays into a focus, and 
magnify objects at a certain distance. 

Second, That concave lenses disperse the rays, and diminish ob- 
jects seen through them. 

614. The focal distance of a lens is the distance from 
the middle of the glass to the foqis. This, in a single 
convex lens, is equal to the diameter of the sphere of 

afibct the appearance of the heavenly bodies when they are vertical, that is, 
directly over oar heads, because the rays then pass vertically, a direction in- 
compatible with refraction. 

It may here also be remarked, that it is entirely owing to the reflection of the 
atmosphere that the heavens appear bright in the day time. If the atmcMsphere 
had no reflective power, only that part woald be luminous in which the sun ia 
placed ■, and on turning our back to the sun, the whole heavens would appear 
88 dark as in the night ; we should have no twilight, but a sudden transition 
from the brightest sunshine to darkness, immediately upon the setting of the sun. 

represents a single convex lens P What is a single concave lens f What part 
of Fig. 105 represents a single concave lens f What is a double convex lens f 
What part of Fig. 105 represents a double convex lens ? What is a double 
concave lens ? What part of Fig. 105 represents a double concave lens f What 
is a meniscus ? What part of Fig. 105 represents a meniscus i What is the 
axis of a lens ^ What line, in Fig. 105, represents the axis of all the five lenses f 
612. What is stated in No. 612 with regard to the form of the lenses ^ How is 
light refracted in passing fVom a rarer to a denser medium i How, in passing 
from a denser to a rarer ? What mast be considered in estimating the efiect of 
lenses .' Through what must a perpendicular, to any convex or concave surlhce, 
always, when prolonged, pass > What is stated with regard to convex lenses r 
What, with regard to concave lenses f 614. What is the focal distance at a 
lens f To what is this equal in a single convex lens i To what is it equal in a 
doable convex lens ? .*% 

II 
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which the lens is a portion ; and in a doable conTez 
lens is equal to the radius of a sphere of which the lens 
k a portion. 

615. When parallel rajs* fall on a convex lens, that 
only which falls in the direction of the axis of the lens 
is perpendicular to its surface, and will continue on in a 
straight line through the lens. The other rajs, falling 
oblique] J, are refracted to the axis and will meet in a 
focus. 

616. It is i^iB property of a conFez lent which gi^es it its power 
as a burning siaaa. All the parallel rajs of the sun which pass 
through the elassi are collected together in the focus ; and, conse- 
qnenuji the heat at the focus is to the common heat of the son, as 
toe area of the ^lass is to the area of the focus. Thus, if a lens, 
four inches in diameter, collect the sun's rajs into a focnS| at the 
distance of twelve inches, the image will not be more than one 
tenth of an inch in diameter ; the surface of this little circle is 1600 
times less than the surface of the lens, and, consequently, the heat 
will be 1600 times greater at the focus than at the lens, t 

617. The following effects result from the laws of re- 
fraction, stated in No. 593 ; and, first, with regard to 
CONVEX surfaces. 

616. Parallel rays passing out of a rarer into a denser medinm, 
through a convex surface, will become converging. 

619. Diverging rays will be made to diverge less, to become par- 
allel, or to converge, according to the degree of divergency benm 
refraction, or the convexity of the surface. 

620. Converging rays, towards the centre of convexity, will saffisr 
BO refractioik 

* Tlie rays of the aan are considered paraHel at the sarftce of the earth. 

t The following effects were produced by a large lens, or burning glaae, two 
ftet in diameter, made at Leipsic, in 1691. Pieces of lead and tin were instantly 
melted ; a plate of iron was soon rendered red hot, and afterwards fhsed, or 
melted, and a burnt brick was converted into yellow glass. A double convex 
lens, three feet In diameter, and weighing 212 pounds, made by Mr. Parker, in 
England, melted the roost reihu:tory substances. Cornelian was ftised in 75 
seconds, a crystal pebble in 6 seconds, and a piece of white agate in 90 aecondib 
Tills lens was presented by the King of England to the Emperor of China. 

615., When parallel rays fhll on a convex lens, which one is perpendicular to 
its surfkce f How are the other rays, flsilling obliquely, refracted f What prop, 
erty of a convex lens, gives it its power as a burning glass f Where are all 
the parallel rays of the sun, which pass through the glass, collected f How 
does the heat at the focus compare with the common heat of the sun ? What 
(• related in the note with regard to the effects of lenses produced by burning 
glasses r 618. What is the first efibct related as resulting from the laws of 
refraction, stated in No. 593, with regard to convex surfoces f 619. What is 
said of diverging rays ? 620. What ia aaid of converging ray a towards the cen- 
tre of convexity f 
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681. Rays converging to a point beyond the centee of eonvezitjy 
will be made more converging. 

622. Converging rays towards a point nearer the surface than the 
centre of convexity, will be made less converging by refraction. 

[fFAeb the raya proceed out of a denser into a raskh msdiumyth* 
reterse occurs in each caseA 

Secondly. With regard to Cone aye Surfaces, 

023. Parallel rays, proceeding out of a rarer into a denser mediuniy 
through acoNCA.VE surface, are made to diverge. 

624 Diverging rays are made to diverge more, — to suffi^r no re- 
fraction, — or to diverge less, according as they proceed from % 
point beyond the cenUe, from the centre, or between the centre and 
the surface. 

625. Converging rays are made less converging, parallel, or di- 
verging, according to their degree of convergency before refiae- 
tion.* 

{When the rays proceed out of a denser into a rarer medium, th» 
reverse takes place in each case.] 

626. Double convex, and double concave glasses, or 
lenses, are used in spectacles, to remedy the defects of 
the eye, when bj age it becomes too flat, or loses a 
portion of its roundness ; or when by any other cause 
it assumes too round a form, as in the case of short- 
sighted (or, as they are sometimes called, nearsighted) 
persons. Convex glasses are used when the eye is too 
flat, and concave glasses when it is too round.*}* 

627. The eye is composed of a number of coats, or 
coverings, within which are enclosed a lens, and certain 
humors, in the shape, and performing the office of con- 
vex lenses. 

* The above eight principles arc all the necessary oonacqucDcc of the oper»> 
tion of the three laws meiitioued in number 593. The reason that so many 
different principles are produced, by the operation of those laws, is, that tM 
perpendiculars to a convex or concave surface are constantly varying, so that 
no two are parallel. But in flat surfaces the perpendiculars are parallel } and 
one invariable result is produced by the rays when passing from a rarer to a 
denser, or from a denser to a rarer medium, having a flat surlhce. 

t These lenses or glasses are generally numbered by opticians, according to 
their degree of convexity or concavity -, so that by knowing the number that fits 
the eye, the purchaser can generally be accommodated without the trouble or 
trying many glasses. _^________ 

621. What of rays converging to a point beyond the centre of convexity? 
622. What of rays converging to a point nearer the surface than the centre or 
convexity ? When the rays proceed ont of a denser into a rarer medium, what 
occurs ? '623. What is stated, in No. 623, with regard to concave surthces f 
624. What is said of diverging rays ? 625. What is said of converging rayef 
Of what are the above eight principles the necessary consequence f What is tna 
reason that so many different principles are produced by the operation of these 
laws ? 626. For what are double convex and concave glasses, or len«M, °*^ 
in spectacles .' What glasses are osed when the eye is loo flat ? What U9 
used when the eye is loo round ? 627. Of what is the eye composed : 



id4 



NATURAL FHILOSOPHr. 



628. The different parta of the eye are : 
1. The Cornea. 6. The Vitreous Humor. 

7. The Retina. 

8. The Choroid. 

9. The Sclerotica. 



Fis.106. 




2. The 

3. The PnpiL 

4. The Aqueous Humor. 

5. The Crystalline Lens. 10. The Optic Nerve. 
29. nbutratUm. Tig, 106 lepre- 

■ents a finoot view of the eyeyin ti^nch 
• A represents the eomea, or, as it 
is finmmonlj caDed, the white of 
ifas eye-; c e is the Iris, which is of 
different colon in different persons; 
and we call a peison's eye black, 
bloe, dec. acooidin^ to the color of 
the Iris. The Ins has a circolar 
opening in the centre, called the pnpU, 
p, which contracts in a strong light, 
and expands in a fiunt li^t, and 
thus regulates the qoantity which is 
admitted to the tender parts in the interior of the eye. 

630. Fig. 107 represents a FSg. 107. 
nde view of the eye, laid 
open, in which h h represents 
the cornea, e e the Iris, d d the 
pupil,// the aqueous humor, 
ggihe crystalline lens, h h 
uie vitreous humor, iiiii the 
lletina,c c the choroid aaaaa 
the sclerotica, and n the optic 
nerve. 

631. The cornea forms the 
anterior portion of the eye. 
It is set in the sclerotica in 
the same manner as a crystal 
of a watch is set in the case. 
Its degree of convexity varies in different individuals and in differ- 
ent periods of life. As it covers the pupil and the iris, it protects 
them from injury. Its principal office is to cause the light which 
reaches the eye, to converge to the axis. Part of the light, however, 
is reflected by its finely polished surface, and causes the brilliancj 
of the eye. 

€32. The Iris is so named from its being of different colors. It is 
a kind of circular curtain, placed in the front of the eye to regulate 
the quantity of li^ht passing to the back jiart of the eye. It has a 
circular opening in the centre, which it involuntarily enlarges or 
diminishes. 




«^'i. y^i^ S*® different parts of the eye. First? Second ? Thin! ? 
i^°^' ^^^ ' ^**^ •' Seventh ? Eighth ? Ninth ? Tenth f What does 
Fig. 106 r^rwcnt ? Explain the Fig. What does Fig. 107 represent ? Explain 
the Fig. What part of the eye does the cornea form ? Is its degree of convex- 
1^ the same In all persons and all periods of life ? What is iu principal ofBce ? 
6W. From what does the iris take its name f What is the use of the irla » 



the ligbt puaei to the lem bebind. It ii tlwiT* ci. . 
hoioan ejSj but in quadrupedB it U of difierent shape. When tbo 
pupil ii expanded to ita ulmoat eiteni, it it cap&ble of admitting ten 
timei the quantity of light thai it does wbeo moit canlincted. Id 
vote and other umnals, which u<e nid to ne in the dotk, the Dowet 
<£ dililation sad contnction ia mucb greater ; it it computed, that 
tbeir pupils nisy receive one hundred liiuei maie light &t ooe time 
than at uiothei. Tbe lislit onl;, whicb paseei the pupii, cin be 
of UM in TisioQ ; that which ftlli on the iiii i» r* fleeted, tetonu 
ttuough the comes, and eibihila the color of the iris. 

634. Tbe aqueoui humor ia ■ water; fluid, I u clear h the pmcit 
water. In shape ^ reiemblea a meniscua, and, being aituated be- 
tween tbe cotoea and the cr; atalline lena, it uaiali in oollectJDg 
and trouamitting tbe raf ■ of light from ezleroal objeole to that len«. 

635. The crjatalline lena ia a tranaparent bodj, in tbe form of a 
double conrei lena, placed between the aqueona and vitreoua ho- 
mora. Ila office ia not onl; to collect the raji to a fooua, on the 
letina, but alio to inereaae the inlenutjf of tbe li^t which ii diiccled 
to the bock port of the e;e. 

636. The TitTBooa hnraor (ac called fiom ila leaamhlanee to melted 
glan,) la a periecttv tiansparent maaa, occopjing the globe of tbe 
eye. Its shape ia like a meniBcui, whoae convent; graatl; ezceedi 
the COD call tj. 

637. In Figure lOB the shape of Itf. 19*. 
the aqueoui and vitieoui humora, 

■nd the c^alalline lens is pre- 
sented, a la the aqueoua humor, 
which ia a meniacua, b the crva- 
tillino leni, which is a double 
convex lens, and c the vitreous g 

humor, which ia, alao, a meniacua, 
wboae concavil; has a imalJer 
radius than ita convexity. 

The retina is the seat of riaion 



• Wban a panon coma (Von a dark plus tnlo a itroiil llgbl, tka avea iDlIbr 

pnpll li Ihen cgniriciBil, uid iJoa nol iiuliml^ oipand. 

f Thsauibor Ii avire uf the tiuiolc^ytn (liUsipmaiaD,biilH lia tawrlMsf 
(brlhe iDiIrucUon of children, and unlnlUred pcnotu, tie deenull nacvurj la 

men ll(bi U IhE pupU capalile of sdmililiif, when eipuded la lu almoit si- 
lent, Ibia nbrn moil comracted > What li aild of ilioH anioiBli wbieli am 

oriheUghlwhtchftliaoniheirit; BM. Whal i> Din aquMila humor.' Whal 
latulbriD/ Onvbiliueliitf B». Wlui lillie FryaliUioe Icnif Whal la 
ila offlu i 896. What ii Ibe illnoua hgmor I Why do panoiu aamaUmoi 
KipeneiHM pain whea paalnf (rom a dark place inlo ilrona llifal t What Is 
iht shape at the Tiinoni humor t EiDlaln FIf. IIH. What la the rwlna f 
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other parts of the eye, are brought to a focus in the retina, where 
an inverted image of the object is represented. 

638. The choroid is the inner coat or covering of the eye. Its 
outer and inner surface is covered with a substance called the pig- 
mentum nigrum, ^or black painty Its office is, apparently, to absorb 
the ravs of light immediately aner they have fallen on the retina. 
It is the opinion of some philosophers, that it is the choroid and not 
the retina, which conveys the sensation produced by rays of light 
to the brain. 

639. The sclerotica is the outer coat of the eye. It derives its 
name from its hardness. Its office is to preserve tne globular figure 
of the eye, and defend its more delicate internal structure. To the 
sclerotica are attached the muscles which move the eve. It re- 
ceives the cornea, which is inserted in it somewhat like a watch 
glass in its case. It is pierced by the optic nerve, which, passing 
through it, expands over the inner sur&ce of the choroid, and thus 
forms the retina. 

640. The optic nerve is the orsan which carries the impressions 
made by the rays of light, (whether by the medium of the retina, or 
the choroid,) to the brain, and thus produces the sensation of sight* 

641. The eye is a natural camera ohacura, and the 
images of all objects seen by the eye are represented 
on the retina, in the same manner as the forms of ex- 
ternal objects are delineated in that instrument-. (See 
J>ro, 551, note,) 

642. Fig. 109 represents only those parts of the eye which are 
most essential. The image is formed thus. The rays from the 



Fig. 109. 




object c df diverging toward the eye, enter the cornea e, and cross 

* For the above description of the eye and its parts, the aathor Is mainly 
indebted to Paxton's Introduction to the Study of Anatomy, edited by Dr. 
Lewis of this city. 

638. What is the choroid ? By what is its outer and inner sorftce covered i 
What is its office i What is the opinion of some philoaophos with regard to 
the choroid f 639. What is the sclerotica ? From what does it derive its name f 
What is iu office ? What are attached to the sclerotica i 640. What is the 
optic nerve i 641. What is stated, in No. 641, with regard to the representa- 
tions on the retina of the inures of all objects seen by the eye f 642. Ezplaia 
Pig. 109. -- / / 
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one another in their pusage, througrh the crystalline lens d^ by 
which they are made to converge on the retina, where they form 
the inverted * image, / e. 

643. The convexity of the crystalline hamor is increased or 
diminished by means of two muscles, to which it is attached. By 
this means the focus of the rays which pass through it, constantly 
falls on the retina ; and an equally distinct image is formed, botn 
of distant objects and those which are near. 

644. A single microscope consists simply of a convex 
lens, commonly called a magnifying glass ; in the focus 
of which the object is placed, and through which it is 
viewed. 

645. By means of a microscope the rays of light from an object 
are caused to diverge less ; so that when they enter the pupil of the 
eye, they fall parallel on the crystalline lens, by which they are 
refracted to a focus on the retina. 

646. Fig. 110 represents a convex lens, or single microscope, C P. 
The diverging rays from the object A B are retracted in their pas- 
Fig. 110. 




through the lens C P, (See second law of Dioptrics under Jfo 
593,) and made to fall parallel on the crystalUne lens, by which 
they are refracted to a focus on the retina R R; and the image is 
thus magnified, because the divergent rays are collected by the 
lens and carried to the retina. 

* Althoagh the image is inverted on the retina, we lee objects ereet^ because 
all the images, formed on the retina have the same relative position which the 
objects themselves have; and as the rays ail cross each other, the eye is directed 
upwards, to receive the rays which proceed from the upper part of afx object, 
and downwards, to receive those which proceed flrom the lower part. 

A distinct image is also formed on the retina of each eye ; bat as the optic 
nerves of the two eyes unite, or cross each other before they reach the brain, 
the impressions received by the two nerves are united, so that only one idea ia 
excited, and objects are seen single. Although an object may be distinctly seen 
with only one eye, it has been calculated that the use of both eyes makes a 
difference of about one twelfth. From the description now given of the eye, it 

Note, Why do the objects appear erect when the images are inverted ? Why 
do we see only one image, when an image is formed on both eyes i 643. By 
what is the convexity of the crystalline humor increased or diminished f What 
Is effected by this means f 644. What is a single microscope ^ 645. What is 
the use of this microscope f 646. What figure represents a microscope ? Ex- 
plain the figure i 
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647. Thow lenies or microscopes which have the shortest foomff 
have the greatest magnifyiog power ; and those which are Uie most 
bulging or convex, have the shortest focus. Lenses are made small 
because a reduction in size is necessary to an increase of curvature. 

648. A double microscope consists of two convex 
lenses, by one of which a magnified image is formed, 
and by the other this image is carried to the retina of 
the eye. 

649. Fig. Ill represents the eflfect produced by the lenses of a 
double microscope. The rays which diverge from the object A B 
are collected by the lens L M, (called tlie object jiflass, because it is 
nearest to the object,) and fonn an inverted magnified image at C D. 




The rays which diverge from this ima|re are collected by the lens, 
N O, (called the eye glass, because it is nearest to the eye,) which 
acts on the principle of the single microscope, and forms a still 
more magnified image on the retina R R. 

650. The solar microscope, is a microscope with a 

assy be seen what are the defects which are remedied by the uie of ooneave 
and convex lenaes ; and how the nae of theae lenses remedies them. When 
the crystalline humor of the eye is too round, the rays of light, which enter the 
•ye, are converged to a focus before they reach the retina, and, therefore, the 
imafe will not be distinct ; and when the crystalline humor is too Jlat, (as is 
often the case with old persons,) the rays will not be convergeti on the retina, 
bat tend to a point beyond it. A convex glass, by assisting the convergency 
of the crystalline lens, brings the rays to a focus on the retina, and produces 
distinct vision. 

The eye is also subject to imperfection by reason of the humors losing their 
transparency, either by a^e or disease. For these imperfections no glasses oflhr 
a remedy without the aid of sut^ical skill. The operation, of couching and 
removing cataracts from the eye consists in making a puncture or incision 
through which the diseased part may escape. Its office is then supplied by a 
lens. If; however, the operator, by accident or want of skill, permit the vitre- 
oua humor to escape, the globe of the eye immediately diminishes in size, and 
total blindness is the inevitable result. 

Note, What are the deflicts which are remedied by the use of concave aad 
convex lenses ? In what other wav is the eye subject to imperfection f is 
there any remedy for tliis f 647. What lenses have the greatest magnifying 
power f What lernses have the shortest focus ? 648. Of what does a dooUe 
microscope consist f What is the use of these two lenses f 649. What does 
Pif. Ill represent f Sxplain the figure. 650. What is the solar micnmcoo^t 
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mirror attached to it, upon a movable joint, which can 
be so adjusted as to receive the sun's rays and reflect 
them upon the object. It consists of a tube, a mirror 
or looking glass, and two convex lenses. The sun's 
rajs are reflected by the mirror through the tube upon 
the object ; the image of which is thrown upon a white 
screen, placed -at a distance to receive it. 

651. The microBcope, as above described, is used for viewixiff 
tnnspareiit objects only. When opaque objects are to be yiewed, 
a mirror is used to reflect the lifht on the side of the object ; the 
image is then formed by li^ht reflected from the object, instead of 
being transmitted through it. 

652. The magnifying power of a single microscope is ascertained 
by dividing the least distance, at which an object can be distinctiy 
seen by the naked eye, by the focal distance oS the lens. This, in 
common eyes, is about 7 inches. Thus, if the focal distance of a 
lens be only the | of an inch, then the diameter of an object will 
be magnified 28 times, (because 7, divided by ^, is the same as 
multiplying 7 by 4,^ and the surface will be magnified 784 times. 

653. The magnifying power of the compound microscope is 
found in a similar manner, by ascertaining the magnifying power 
first of one lens, and then of the other. ' 

654. The magnifying power of the solar microscope is in propor- 
tion as the distance oi the image, from the object glass, is greater 
than that of the object itself from it. Thus, ir the distance of the 
object from the object glass be | of an inch, and the distance of 
the image, or picture, on the screen, be ten feet, or 120 inches, the 
object will be magnified in length 480 times, or, in surface, 230,000 
times.* 

Q55, The magic lantern is an instrument constructed 

on the principle of the solar microscope, but the light 

is supplied by a lamp instead of the sun. 

656. The objects to be viewed by the ma^ic lantern are generally 
painted with transparent colors, on glass slides, which are received 
into an opening in the front of the lantern. ^The li^ht from the lamp, 
in the lantern, passes through them, and carries the pictures, paint- 
ed on the slides, through the lenses, by means of which a magnified 

* A tens may be caosed to magniiy or to diminish an object. If the object be 
placed at a^distance firom the focus of a lens, and the image be formed in or near 
the focus, the image will be diminished } but if the olqect be placed near the 
focus, the image will be magnified. 

Of what does- it consist } By what, in this microscope, are the snn^ rays re- 
ilected, and upon what ? 651. For Tiewing what objects, only, is the miscro. 
scope, above described, oaed i How do those microscopes used for viewing 
opsone objects, differ team these ? How is the image then forfbed > 6JS. How 
ia the magnifying power of a single microscope ascertained ? Illustrate this. 
653. How is the magnifying power of the componnd microscope ascertained f 
664. In what proportion is the magnifying power of the solar microscope ? B- 
Inatrate this. NoU, How may a lens be made to magnify or diminish an ob- 
ject i 6b6* What is the magic lantern f 
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to the emnn lea* c, which b edled the andemrag IcM, hecMM it 
esBceBlnle* > I>ne omui^ of G^ D|Mn Ifae atiject BUBled □■ iIb 
riide, inmted at f. llw nya fi«n the iDomiinted object •!(,■» 
eurinl diTnvent thrao^ Ifae km «, dtmiag ui inMige OB th> 
Ktcm ■!/. The uii>|e will incWM (c diiiuiuih uiaBe,ia pm- 
pgdioa to the diataace of the matKn ham the I«b a. 

658. A telescope u an ioBtnuuBiit for newing diataat 
objects. 

659. Tbere are two Unds of telescopes, namely, tbe 
re&scting telescope and the reflectiiig telescope. 

660. A refracting telescope ia one in which the object 
itself 18 viewed, through the medium of a number of 
lenses. 

661. A reflecling telescope is one in which the image 
of the object is reflected from a concave mirror, within 
tbe lube of tbe telescope, and viewed through a number 
of lenses. * 

6GS. Tbeie ue two kind* of reTnctiiig tel fco pe t , taOri the M- 
tfOBoaueal leleaeofe, or sight ghao, aod the tmcslriU Ickacape, or 
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day glam.* In the former, or night glass, there are but two lensei 
or glasses, bat the object is viewed in an inverted position. As thfe 
glass is used principally for viewing the heavenly bodies, the inrer- 
iion of the image produces no inconvenience. In the latter, or day 
glass, two additional lenses are introduced to give the image its 
natural position. 

663. rig. 113 represents a night glass, or astronomical telescope. 
It consists of a tube, A B C D, containing two glasses, or lenses. 
Tiie lens, A B, having a longer focus, forms the object glass ; the 
other lens, D G,is the eye glass. The rays from a very distant body, 



Fig. IIS. 




H. 



N 

as a star, and which may be considered parallel to each other, are 
refracted by the object glass A B to a focus at K. The image is then 
seen through the eye glass D C, magnified as many times as the 
focal length of the eye glass is contained in the focal length of the 
object glass. Thus, if the focal length of the eye irlass, D C, be 
contained tOO times in that of the object glass, A B, the star will be 
seen magnified 100 times. It will be seen by the figure, that the im- 
afe is inverted ; for the ray M A, afler refraction, will be seen in 
t£e direction C O, and the ray N B, in the direction D P. 

664. Fig. 114 represents a da^ fflass or terrestrial telescope, com* 
monly called a spy glass. This, likewise, consists of a tube, A B 
H G, containing four lenses, or glasses, namely, A B, C D, C F, 
and G H. The lens A B is the object glass, and G H, the ejre glass. 
The two additional eye glssses, £ F and C D, are of the aame size 

Tig, 114. 




and shape, and placed at equal distances from each other, in such a 
manner that the focns of the one meets that of the next lens. 
These two eye glasses, E F and C D, are introduced for the purpose 
of collecting the rays proceeding from the inverted image M N, 
into a new upright image, between G H and £ F, and the image b 

*8ome glssses or telescopes are marked " Night and Day.** These have fbnr 
glasses, two of which can be removed when the heavenly bodies are viewed. 

YfhtLt are they f How do they differ the one from the other f 663. 
What does figure 113 represent f Explain the figure. 684. What does flgufe 
114 represent i Explain the figure. 
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tlwiL wen throuffh the last eye gioM G H, under the anffle of Tiikm, 
POQ. 

665. Fig. 115 repreBents a reflecting telescope. This consists also 
of a lam tube, containing two concave metallic mirrors, (See num^ 
her 5Gff) A B and C, with two plano-convez eye glasses. The 

A Fif. 115. 




mirrors are placed at a little more than the sam of their focal dis- 
tance from each other. The parallel rays r r, coming from a distant 
object, are reflected to a focus g, by the concave mirror, A B, and 
thus form an inverted image at g; the diverging rays proceeding 
from thitf' image are again reflected by the smiQl mirror C, and re- 
ceived by the eye glass F, through an aperture in the middle of the 
mirror A B. The eye glass F collects these reflected rays into a 
new image, at I, and &is image is seen magnified through the 
second eye glass, G. 

666. In reflecting telescopes, mirrors are used to bring the image 
near the eye, and a lens, or eye glass, to magnify the image. 

The advantage of reflecting telescopes is, that they possess 
greater magnifying power, and do not decompose the light. 

667. That part of the science of optics which relates 
to colors is called Chromatics. 

668. Colors do not exist in the bodies themselves, but are cansed 
by tiie peculiar manner in which the light is reflected from their 
surfaces. [See J^Co. 23.] 

669. Light is composed of rays of difierent colors, 
which may be separated by a prism. * 

670. A prism is a solid triangular, or three-sided 
piece of highly polished glass, generally six or eight 
inches long.-! [See Fig, 116.] 

* This discovery was made by Sir Isaac Newton. 

t A prism may be made of three pieces of plate glass, about six or eight incb- 
es loDg, and two or three broad, joined together at their edges, and made water" 
tight by putty. The ends may be fitted to a triangular piece of wood, in one of 
'Which an aperture is made by which to fill it with water, and thus to give it the 
appearance and the refiractive power of a solid prism. 

665. What does figure 115 represent ? Explain the figure. 666. Why are 
mirrors used in reflecting telescopes ? What is the use of the lens ? Wbatia 
the advantage of the reflecting telescope I 667. What is chromatics ? 668. 
What causes color ? 669. Of what is liglit composed ? How can these raya 
be separated f Note. By whom was this discovery made ? 670. What is a 
prism f Note. How may a prism be made ? 
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671. The colors which enter into the compooitioD of 
light are seven, * namely, red, orange, jellow, green, 
blue, indigo, and violet. Each of these have different 
degrees of refrangibility. t 

€T2. When lignt is made to pass through a prism, (he 
different colored rays are separated, and form an image 
on a screen or wall, in which the colors will be arranged 
in the order in which they are enumerated in No. 6TI. 
673. lUiatratvm. Fig. 116 rsprewnla nya of light pucinefiom 
the aperture, in a wiadDW-ibutlec, A B, throu;^ the prum F. In- 
Btesd of coDtinaiDg in s atnight coune lo £, uid there fonniu^ an 
ima^, thej vill be refracted, in their passage throagh t^ prjam, 
and form an >niae^ on the icreen, C D. But ai the diffeient color- 
ed raji have different decreet of refVaugibility, (Sm ffo. 590,) of. 
in other wotdi, infer di^rent degrecB of lefioction, thou wbii^ 
Fit. 1>S- 



and thorn which are refincled tt ... 

part. The red rajB, therefore, loAering tl 

fiiction, fall on theloweit part of the »ei .._,__ . 

colon are arranged in Uie order of Chair refiactioD. t 

• Tbao colon kave btea redneed lo three. 
I Note eeeuoleloNo.S9(),pa{ill3. 

t II li lappued. liial Ihg rgd nyt are nftactad Itw httut, oa UKBtnil or tbi 
ftwur nomaaiiun, iiid Ihal Uie bios, Indlao, aod tIoIm an itOtcui tlig mo 

BecaimiltirtlU[eilappuraiioaorUHnin,tbioiicha(i>g,iH'ilri>Lij BodHitln 
Xbe loovaiad qauiliT of tlie (tmotilisr^ whlcli tke nUiqnn nyt mail Da 
me, ant Ita iMnf landed wlik mliu andTipon, vhlch an aiuilt; (tirmtA ■ 
tboaa thnai, pisfenu the Mkar njt Kom nachlBg w. 

* -'-'■ will Bocoont Ib^ltlal)'- - - 

coiDponilon of Itflit I WhBl are ibvf t 



,, . _ » of Ihe iky. Ai lime 
ealam, ttuiy canaot trayarH tbs almoapliere to readily ai 



Do IlKaa rayi all bus the tmme deg 
vhaaUikt !• medt to put Uudd^ 



. pari of the tcreea i Boll. Whal li luppoMd 
Whal wllh TBgird to Qui bine, isdlfo, uid TlolM 
UuaunapptarisdlhriHicbaligr Wliydogt Uuikj appev 
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674. If the colored rays, which have been separated by a pnein, 
ikll upon a convex lens, they will converge to a focus, and appear 
white. Hence, it appears, that white is not a simple color, but is 
produced by the union of several colors. 

675. The spectram, formed by a glass prism, being divided into 
360 parts, it is found, that the red occupies 45 of those parts, the 
orange 27, the yellow 48, the green 60, the blue 60, the indigo 40, 
and the violet oO. By mixing the seven primitive colors in these 
proportions, a white is obtained ; but, on account of the impurity 
of all colors, it will be of a dingy hue. If the colors were more 
clearly and accurately defined, we white, thus obtained, would ap- 
pear more pure also. An experiment to prove what has just been 
said may be thus performed. Take a circular piece of board, or 
card, and divide it into parts, by lines drawn from the centre to the 
circumferenq^. Then, having painted the seven colors in the pro- 
portions above named, cause the board to revolve rapidly around a 
pin or wire at the centre. The board will then appear of a white 
color. Fiom this, it is inferred, that the whiteness of the sun's light 
arises from a due mixture of all the primary colors. 

676. The colors of all bodies are either the simple colors, as re- 
fracted by the prism, or such compound colors as arise from a mix- 
ture of two or more -of them.* 

677. The rainbow is produced by the refraction of 
the sun's rays in their passage through a shower of rain; 
each drop of which acts as a prism in separating the 
colored rays, as they pass through it. 

678. This is proved by the following considerations. First, A 
rainbow is never seen except when rain is falling, and the sun shin- 
ing at the same time ; and that the sun and the bow are always in 
opposite paf ts of the heavens ; and, secondly y that the same appear- 
ance may be produced artificially, by means of water thrown into 
the air, when the spectator is placed in a proper position, with his 
back to the sun ; and, thirdljf, that a similar bow is generally pro- 
duced by the spray which arises from large cataracts, or waterfalls, 
such, for instance, as the Falls of Niagara. 

679. The color of all bodies depends upon the rays 
which they reflect. 

the other rays, and they are, therefore, reflected back to onr eyes by the atmos- 
pherei If the atmosphere did not reflect any rays the skies would appear per* 
fectly black. 

* From the experiments of Dr. Wollaston, it appears that the seyen colors 
formed by the prism, may be reduced to four, namely, red, green, blue, and 
▼iolet ; and that the other colors are produced by combinations of these, (f e« 
note to No. 671.) 

What would be the appearance of the sky if the atmosphere did not reflect 
any rays f 674. Is white a simple color f How is it produced / 675. Hie spec- 
trum formed by a prism, being divided into S60 parts, how many of these parts 
does the red occupy ? The orange f The yellow ? The green ? The blue t 
The indigo f The violet i 676. What are the colors of all bodies ? Note, 
What appears flrom the experiments of Dr. Wollaston? 677. How is the rain- 
bow produced ? 678. How is this proved t First f Second { Third i 678. 
Upon what does the color of all bodies depend f 
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680. Some bodies absorb all the rays which they receive except 
the red rajs. These bodies, therefore, appear oi a red color, — 
some reflect the green, and absorb all the others, — these will ap- 
pear of a green color ; and, in general, bodies appear of the color 
of those rays which they reflect, while they absorb all the other 
rays. Sometimes a body reflects a portion of the nys of several 
colors. The body will then appear of a compound cofor, composed 
of the various colors which it reflects. When a body reflects aU 
the rays, it appears whitej — when it absorbs all the rays, it appears 
black. White, then, is a mixture of all the primitive colors, and 
black is the deprivation of all color. 

681. From what has now been said, it appears, that no body has a 
permanent or intrinsic color of its own, — but that color, as well as 
weight, are accidental^ and not essential properties. (5ee Jfo. 23, 
page 7.) All substances appear of the same color, or rather, more 
properly speaking, are deprived of all color, in the daik. Light, 
from whatever source it proceeds, is of the same nature, composed 
of the various colored rays ; and although some substances appear 
differently by candje-li^ht, from what they appear by day, this result 
maj be supposed to arise from the weakness or want of purity in 
artificial light. 

682. There can be no light without colors, and there can be no 
colors without light. 

683. That the above remarks, in relation to the colors of bodiei, 
are true, may be proved by the, following simple experiment. Place 
a colored body in a dark room,' in a ray of light that has been refrac- 
ted by a prism ; the body, of whatever color it naturally is, will 
appear of the color of Ithe ray in which it is placed; for, since it 
receives no other colored rays, it can reflect no otliers. * 

684. A multiplying glass is a convex lens, one side 
of which is ground down into several flat surfaces. 

* Althouifh bodies, from the arrangement of their particles, have a tendency 
to absorb some rays, and reflect others, they are not so uniform in their arrangi^ 
ment as to reflect only pure rays of one color, and perfectly absorb all others ; 
it is found, on the contrary, that a body reflects, in great abundance, the rays 
which determine its color, and the others, in a greater or less degree, in propor- 
tion as they are nearer or further iVom its color, in the order of refrangibility. 
Thus, the green leaves of a rose will reflect a ftw of the red rays, which will^ 
give them a brown tinge. Deepness, or darkness of color, proceeds from a defi- 
ciency rather than from an abundance of reflected rays. Thus, if a body reflect 
only a few of the green rays, it will appear of a dark green. The brightness 
and intensity of a color shows that a great quantity of rays are reflected. That 
bodies sometimes change their color, is owing to some chemical change, which 
takes place in the internal arrangement of their parts, whereby they lose their 
tendency to reflect certain colors, and acquire the power of reflecting others. 

680. Of what color do bodies generally appear f When will a body appear 
of a compound color ? Of what color will a body appear that reflects all the 
rays ? When will a body appear black f 681. Is color an essential property 
of a body .' Of what color do bodies appear in the dark f Why do some bodiw 
appear diflferently by candle-light i 682. What is necessary to produce color f 
What experiments are related to prove the truth of the above i Note. What 
rays does a body reflect in the greatest abundance f In what proportion does it 
reflect the other rays ? Why do the green leaves of a rose appear to have a brown 
tinge ? What does the brightness and intensity of a color show ? Why doaonis 
bodies change their color f 684, What is a multiplyiiig glass t 
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686. When an object is vietlred through a multiplying glass, it 
will be multiplied as many times as there are flat lurfaces on the 
lens. Thus, if one lighted candle be viewed through a lens, having 
twelve flat surfaces, twelve candles will be seen uron^h the lens. 
The principle of tne multiplying glass is the same with that (ji a 
oontex or concave lens^ 

686. The S[aleidesc6pe * consists of two reflecting 
Burfaoes, or pieces of looking-glass, inclined to each 
other at an angle of 60 degrees, and placed between the 
eye and the objects intended to form the picture. 

687. The two plates are enclosed in a tin or paper tube, and tHe 
objects, consisting of pieces of colored fflass, beads, or other highly 
colored fragments, are loosely confined between two circular pieces 
of common fflass, the outer one of which is slightly ground, to 
make the light uniform. On looking down the tube through a small 
aperture, and where the ends of me glass plates nearly 'meet, a 
beautiful figure will be seen, having six angles, the reflectors being 
inclined the sixth part of a circle. If inclmed the twelfth part, or 
twentieth part of a circle, twelve or twenty angles will be seen. 
By turning^ the tube so as to alter the position oi the colored firag- 
ments wimin, these beautiful forms will be changed ; by which an 
almost infinite variety of patterns may be product. 



SECTION XVI. 

EledricUi/, 

688. The word Electricity f is a term used by philos- 
ophers to signify the operations of a very subtile and 
elastic fluid, which pervades the material world. Elec- 

* The word Kaleidescope ia derived from the Greek langaace, and means, 
*^The aisht of a beautifhl form." The instrument was invented by Dr. Brew- 
pter, of Edinburgh, a few years ago. 

t This word is derived from a Greek word, which signifies amber, because thia 
sulMtance was supposed to possess, in a remarkable degree, the property of pro- 
ducing the fluid, when excited or rubbed. The property itself was first discov- 
ered by Thides, of Miletus, one of the seven wise men of Greece. The word is 
now used to express both the fluid itself, and the science which treats of it. 

Th<B nature of electricity Is entirely unknown. Bom^ philosoplierB consider 

685. How many times will an object, viewed through a multiplying glass, be 
multiplied ? What is the principle of the multiplying glass f 686. Of what 
does the kaleidescope consist r Jfote, From what is the word kaleidescope de- 
rived, and what does it mean i By whom was the instrument invented f 687. 
What is here said with regard to the kaleidescope i 688. What is electricity * 
What is stated in the note with regard to the word eleotricity i By whom was 
this property first discovered ? 
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tricity can be seen only in its effects; which are exhibited 
in the form of attraction and repulsion. 

689. If a piece of amber, or sealing-wax, or a piece of smooth glass, 
perfectly clean and dry, be briskly rubbed with a dry woollen cloth, 
and immediately afterwards be held over small and light bodies, 
such as pieces of paper, thread, cork, straw, feathers, or fragments 
of ?old leaf, strewed upon a table, these bodies will be attracted, 
and fly towards the surface that has been rubbed, and adhere to it 
for a certain time. The surfaces that have acquired this power of 
attraction are said to be excited ; and the substances thus suscepti- 
ble of being excited are caHed dectrics^ while those which cannot 
be excited in a similar manner are called ndn-electries, 

690. The science of electricity, therefore, divides all 
substances into two kinds ; namely, Electrics, or those 
substances which can be excited, and JVbn-€/edf*tc3, or 
those substances which cannot be excited. 

691. The electric fluid is readily communicated from 
one substance to another. Some substances, however, 
will not allow it to pass through them, while others give 
it a free passage. Those substances, through which it 
passes without obstruction, are called coivdudors ; while 
those through which it cannot readily pass are called 
non-conductors ; and it is found, by experiment, that all 
electrics are non-conductors, and all non-electrics are good 
conductors of electricity. 

692. The following substances are dectrics, or non-conductors of 
electricity ; namely, 

Atmospheric air, (when dry,) Feathers, 

Glass, Amber, 

it a flaid ', others consider it as two flaidt of opposite'qQalities ; and others afain 
deny iti materiality, and deem it, like attraction, a mere property of matter. In 
thii volume the opinion or Dr. Franklin is adopted, who supposed it to be a 
single fluid, disposed to diffuse itself equally among all substances ; and exhibit- 
ing its peculiar effects only when a body by any means becomes possessed of 
more or less than its proper share. That when any substance has more than its 
natural share, it is said to be pontively electrified, and that when it has less than 
its natural share, it is said to be negatively electrified, — that positive electri- 
city implies a redundancy, and negative electricity a deficiency of the fluid. 

Note. What is stated with regard to the nature of electricity } Whose and 
what opinion is adopted in this volume f When is a substance said to be posi- 
'tively electrified f When is it said to be negatively electrified f What does posi- 
tive electricity imply i What does negative electricity imply i How can elec- 
tricity be seen i 689. How are these effects exhibited ? What illnatration of 
this is |iven ? What is said of the surfaces which have acquired the power of 
attraction f What are electrics f What are non-electrics ? 690. Into how 
many kinds does the science of electricity divide all substances I What are they? 
691. What is said with regard to thd communicfation of the electric fluid fimm 
one substance to another f Will all substances allow it to pass through them f 
'What bodies are called conductors f What bodies are called noui^oonductors f 
What has been found, by experiment, with regard to electrics and non-electrics ? 
<»a2. Wliat subttancea are electrics or non-oonductors f 

12* 
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Diamond, Sulphury 

All preciooB stonefl, Silk, 

All gums uid resins, Woo), 

The oxides of all metaUi, Hair, 

fiees-waz, Paper, 

Sealing-wax, Cotton. 

All these substanees mnst be dry, or they will become more Of 
leas conductors. 

0^. The foUowingr substances are non-electrics, or condaeton 
of electricity ; namely. 

All metals. Living animals, 

Charcoal, Vapor, or steam. 

G94. The foUowinp^ are imperfbct conductors, (that is, they con- 
duct tile electric flmd, but not so readily as the substances above 
mentioned,) namely, 

Water, ' Conmion wood. 

Green vegetables. Dead animals. 

Damp air, Bone, 

Wet wood, Horn, &o. 

All substances containing moisture, 

695. When a conductor, that is, a substance which 
can conduct electricity, is on all sides surrounded by 
non-conducting substances, it is said to be inwdaUd, 

696. As glass is a non-conducting substance, any conduetinff 
substance surrounded with glass, or standing on a table or stool, 
with fflass legs, will be insuUUed. 

697. As the air is a non-conductor, when dry, a substance which 
rests on any non-conducting substance will he insulated, unless it 
communicate with the ground, the floor, a* table, Ac. ■ 

698. When a communication is made between a 
conductor and an excited surface, (<$ee JVb. 689,) the 
electricity from the excited surface is immediately con- 
veyed by the conductor to the ground ; * but if the con- 
ductor be insulated, its whole surface will become elec- 
trified, and it is said to be charged. 

* The earth may be considered as the principal reservoir of electricity ; and 
when a communication exists, by means of any conducting substance, betweM 
a body containing more than its natural share of the fluid, and the earth, the 
body will immediately lose its redundant quantity, and the fluid will escape to 
the earth. Thus, when a person holds a metallic tube to an excited sturlhoe, 
the electricity escapes from the surface to the tube, and passes from the tiriw 
through the person (as living animals are good conductors) to the floor ; and die 



Why must these substances be dry ? 69S. What substances are non-electrioi 
or conductors f 694. What substances are mentioned as imperfecif conducton \ 
695. When is a substance said to be insulated f 698. When, a commnnieatioa 
is made between a conductor and an excited surfiice, where is the electridty 
from the excited substance conveyed ? When is it said to be chaiged f iVofe. 
When a communication exists by means of any conductbw substance, betweea 
a body containing more than its natural share of the flidduHi the earth, what 
Will become of the redundant quantity which the body nowMwes f What iU«- 
tratton of this is given ? 
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699. The principal mode of exciting elecirictty is hj 
friction. 

700. Thus, if a thiek oylmder of sealiiijf-waz, or lulphur, or a 
fflBBS tabe * be robbed with a silk handkerchief, a piece of dean 
flannel, or the fur of a quadruped, the electric fluid will be excited 
and may be communicated to other aubstancea, from the electrie 
thus excited. The electricity excited in fflaae is called the vitreoMS 
OT positive electricity ; and that obtained from sealing-wax, or other 
resinous substances, is called resinous or negative electricity* 

701. The yitreoua and resinous, or, in other words, 
the positive and negative electricities, always accompa- 
ny each other ; for if any surface become positive, the 
surface with which it is rubbed will become negative ; 
and if any surface be made positive, the nearest con- 
ducting surface will become negative. And if positive 
electricity be communicated to one side of an electric, 
(as a pane of glass, or a glass phial,) the opposite side 
will become negatively electrified, and the plate or the 
glass is then said to be charged. 

703. When one side of a metallic, or other conductor, leoeives the 
electric fluid, its whole surface is instantly pervaded ; but when an 
electric is presented tQ an electrified body, it becomes electrified in 
a small spot only. 

703. When two surfaces oppositely electrified are united, their 
powers are destroyed; and if their union be made through the 
human body, it produces an afl&ction of the nerves, called an elec- 
tric shock. 

704. The Leyden jar is a glass vessel used for the 

floor being connected with the earth by condacting sabetances, auch aa the 
timlMrs, 4cc., which support the building, the electricity will finally paaa off by 
a regular succession of conducting substances, fVom the excited surface to the 
earth. But if the chain of conducting substances be interrupted, — that is, if 
any non-conducting substance occur between the excited sur&ee and the conrae 
which the fluid takes in its progress to the earth, the conducting substances will 
be insulated, and become charged with electricity. Thus, if an excited surfhce 
be connected by a long chain to a metallic tube, and the metallic tube be held 
by a person who is standing on a stool with glass legs, or on a cake of sealing- 
wax, resin, or any other non-conducting substance, the electricity cannot paaa 
to the ground, and the person, the chain, and the tube will all l>ecome electrified. 
* Whatever substance is used, it must be perfectly dry. If, therefore, a glass 
tube be used, it should previously be held to the fire, and gently wanned, in 
order to remove all moisture ft'om its surfhce. 

Ifoie, What follows if this chain of conducting substances l>e interrupted f 
699. What is the principal mode of exciting electricity ! 700. What illustration 
of this is given ? What is.the electricity excited in glass called f What is that 
obtained fh>m resiBona sutiscanceB called ? 701. What is stated in No. 701 with 
regard to positive and negative electricity f 70S. What fbllowa when one side 
o€ a metallic, or other conductor, rec^vea the electrie fluid i What follows 
when an electric is presented to an electrified body .' 703. What follows when 
two aurlhcea, oppoaitely electrified, are nnit^ i 704i For what ia the Leyden 
jaroMd f 



140 



NATURAL PHILOSOPHY. 



Fig. 117. 




purpose of accumulating the electric fluid, procured 
from excited surfaces. 

705. Fig. 117 represents a Ley den jar. It is a 

glass vessel, or phial, coated both on the inside and 
to outside with tin foil. It is provided with a cork 
or wooden stopper through which a metallic rod 
passes, terminating in a brass knob or ball at the 
top, and connected by means of a wire, at the other 
end, with the inside coating of the jar. The coat- 
ing extends both on the inside and outside only to 
within two or th;ree inches of the top, or the stojp- 
per. Thus prepared, when an excited surface is 
applied to the brass knob, or connected with it by 
means of a chain or any conducting surface, it parts 
with its electricity, and the fluid enters the jar, 
which is then said to be charged. 

When the Ley den jar is charged, the fluid is 
contained in the inside coating of tlie phial ; and as 
this coating is insulated, the fluid will remain in 
the jar untQ a communication be made by means of 
some conducting substance, between the inside and 
the outside of the jar. If then a person apply one hand or finger 
to the brass knob, and the other to the outside coating of the jar, 
a communication will be formed by means of the brass knob with 
the inside and outside of the jar, and the jar will be discharged. A 
phial or jar that Is insulated cannot be charged. 

706. An electrical battery is composed of a number 
of Leyden jars connected together. 

707. The inner coatings of the jars are connected together by 
chains or metallic bars attached to the brass knobs of each jar ; and 
the outer coatings have a similar connexion established by placing 
the phials on a sheet of tin foil. The whole battery may then be 
charged like a single phial, or jar. For the sake of convenience in 
discharging the battery, a knob, connected with the tin foil on 
which the jars stand, projects from the bottom of the box which 
contains the jars. 

708. The jointed discharger is an instrument used to 
discharge a jar, or battery. 

709. lUtLStration. Fig. 118 represents the jointed discharger. It 
consists of two rods, generally of brass, terminating at one end in 
brass balls, and connected together at the other end by a joint, like 
that of a^pair of tongs, allowing them to be opened or closed. It 
is furnished with a glass handle, to secure the person who -holds it 

706. What does Figv 117 represent ? What is a Leyden jar? When is the 
jar said to be charged i How can the jar be discharged ? Can an insulated Jar 
be charged i 706. Of what is an electrical battery composed f 707. How are 
the Inner coatings of the jars connected together f How are the outer coatingB 
connected .:* In what way is the battery charged i 708. What is the Jointed 
discharger f 709. What does Fig. 118 represent I Of what does it consist f 
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fit>m the effects of a shock. When Ftf.llt. ' 

opened one of the balls is made to 
touch the outside coating of the 
jar, or the knob connected with the 
bottom of tbe battery, and the other 
is quickly applied to the knob of 
the jar, or jars. A communication 
bein^ thus formed, between the 
inside and the outside of the jar, a 
discharge of the fluid will be pro- 
duced. 

710. When a charge of electricity is to be sent through any par- 
ticular substance, tbe substance must form a part of the circuii cf 
the electricity f as it is termed ; that is, it must be placed in such a 
manner that the fluid cannot pass fr^m the inside to the outside 
surface of the jar, or battery, without passing through the substance 
in its passage. 

711. If the balb be removed from the jointed discharger, and the 
two rods terminate in sharp points, the electricity will pass off 
silently and produce but little effect. 

712. Metallic rods, with sharp points, silently attract 
the electric fluid. 

713. A Ley den jar, or a battery, may be silently discharged by 
holding the finest needle in the hand towards the knob. It is on 
this prmciple that lightning-rods are constructed. The electric 
fluid IS silently drawn from the cloud by the sharp points on the 
rods, and is thus prevented from suddenly exploding on high build- 
ings. 

714. Electricity, of one kind or the other, is generally induced 
in surrounding bodies by the vicimttf of a highly 'excited electric. 
This mode orcommunicating electricity by approach^ is styled in- 
duction. 

715. Any body, on approaching another body, powerfully electri- 
fied, will be thrown into a contrary state of electricity. Thus, a 
feather, brought near to a glass tube excited hy friction, is attracted 
hy it ; and, therefore, previously to its touching the tube, negative 
electricity must have been induced in it. On the contrary, if a 
leather be brought near to excited sealing-wax, it will be attracted, 
and, consequently, positive electricity must have been induced in 
it before contact 

716. When electricity is communicated flrom one body to another 
in contact with it, it is called electricity by transfer, 

717. The electrical machine is a machine construct- 
ed for the purpose of accumulating or collecting elec- 
tricity, and transferring it to other substances. 

710. What is necewary when a charge of electricity is to be sent through any 
particular substance f 711. How can the electricity be made to pass off* silent- 
ly f 713. In what way do metallic rods, with sharp points, attract the electric 
iiaid i 713. Upon what principle are lightning-rods constructed i 714. When 
is electricity said to be communicated by induction .' 716. When by transfer f 
717. For what purpose is the electrical machine constrncted f 
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71S. Electii<uJ muhiDeB are msde in varioas forma, bnt all <m 
the BSme principle, nttioelf , the Ktlraction of metallic points. The 
electricitv is cicjled b; the friction of silk OD b glass surbcc, 
aHisted by a miituie or preparation called an amalgam.* The 
glass surface ia made either in the form of a cjlinder or a circular 
plate, and the machine itself is called a cjlindcr or a plate machiiie, 
according aa it is made vith a cylinder or a plate. I 

719. Fis. 119 repreaenls a plate electrical machine. AD ia the 
stand of Uie machine, LLLL are the four glaas legs, or poMa 
which support and insulate the parts of the machine. P is the 
glass plate, (which in some machines is a hollow cylinder,) ftom 
which the el^clricil; is excited, and H is the handle 1i; which the 
plale (or ovlinder) is turned. R ia a leather cuahion, or rubber, held 
closely to both sides of the glass plate by a brass clasp, supported by 
the post GL, which is called the rubber post. S is a silk hag,t ecu- 
brviid by the same clasp that bolda the leather cushion or rubber; 
and it is connect Aby slrmga S IS 8 attached to ila three other coinen, 



to the legs L L and the fork F of the prime conductor. C is the 
~~ iductor, terminating at one end with a movable brass ball. 



r 



■nd at the other by the fork F, which has one prong oa < 



leclrlcil mactiUui deurlbed in FJ[. 1 
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nde of the glass plate. On each proiiff of the fork there are several 
sharp points projecting towards the platen to collect the electricitjr 
{See JVb. 712) as it is generated by the friction of the plate against 
the rybber. V is a phain, or wire, attached to the brass ball on the 
rubber post, and resting on the table or the floor, designed to con- 
vey the fluid from the ground to the plate. When negative elec- 
tricity is to be obtained, this chain is removed from the rubber post, 
and attached to the prime conductor, and tlie electricity is to be 
gathered from the ball on the rubber post 

The operation of the vmchine is asfoUoios : By turning the handle 
H the glass plate is pressed by the rubber. The friction of the 
rubber against the glass plate (or cylinder) produces a transfer of 
the electric fluid from the rubber to the plate -, that is, the cushion 
becomes negatively and the glass positively electrified. The fluid 
which thus adheres to the glass, is carried round by the revolution 
of the cylinder; and its escape being prevented by the silk«bag, or 
flap, which covers the plate (or cylinder) until it eomes to the im- 
mediate vicinity of the metallic points, on the fork F, it is attracted 
by the points, and carried by them to the prime conductor. Posi- 
tive electricity is thus accumulated in the prime conductor, while 
the conductor on the rubber post, being deprived of this electricity, 
is negatively electrified. The fluid may then be collected by a 
Leyden jar, from the prime conductor, or conveyed, by means of a 
chain attached to the prime conductor, to any substance which is to 
be electrified. If both of the conductors be insulated, but a small 
portion of the electric fluid can be excited ; for this reason, the chain 
must in aU cases be attached to the rubber post, when positive electrid' ^ 
ty is required, and to the prime conductor, wJten negative electricity is 
toanted. 

Experiments unth the Electrical Machine, 

720. On the prime conductor of the electrical machine is placed 
the electrometer/ £. It consists of a wooden ball mounted on a ^ 
metallic stick, or wire, having two pith balls, suspended by silk or 
hair. When the machine is worked, the pith balls, bein? repelled, 
fly apart, as is represented in the figure ; and they will continue 
elevated until the electricity is drawn off. But if an uninsulated 
conducting substance touch the prime conductor, the pith balls will 
fall. The height to which tlie balls rise, and the quickness with 
which they are elevated, aflbrd some test of the quality of the ma- 
chine. 

721. The balls of the electrometer, when elevated, are attracted 

* The word " electrometer »» means ** a meaaurer of electricity." It is made 
in a variety of forms. It sometimes consists of a single pith ball, attached to a 
li^t rod, in the manner of a pendulum, before a grMuated arc or circle. An 
electroscope is an instrument of more delicate construction, to detect the pres- 
ence of electricity. 

Explain the operation of the maehine. To what must the chain be attached 
yrheia positive electricity is required f To what must it be attached when nega- 
tive electricity is wanted f 720. What is the first experiment, mentioned, with 
the electrical machine ? What does the word electrometer mean .' Of what 
does it sometimes consist I What is an eldbtroscope i 721. What is the second 
experiment f 
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by an excited piece of sealinff'wax or lefin, and repelled by a piece 
of excited glass. [See JVb. 689.] 

722. If an electric, or a non-oooductoir, be presented to the prime 
conductor, when charged, it will produce no effect on the balls ; but 
if a non-electric, or any conducting substance be presented to the 
conductor, the balls of the electrometer will fall. This shows that 
the conductor has parted with ite electricity, and that the fluid has 
passed off to the earth through the substance, and the hand of the 
person presenting it. 

723. When the machine is turned, if a person touch the prime 
conductor, the fluid passes off througfa the person to the floor with- 
out his feeling it. But if he present his finger, his knuckle, or any 
part of the body, near to the conductor, without touching it, a spark 
will pass from the conductor to the knuckle, which will produce a 
sensation similar to the pricking of a pin or needle. 

724. If a person stand on a stool with glass legs,* or any other 
non-conductor, he will be insulated. If in this situation he touch 
the prime conductor, or a chain' connected with it, when the ma- 
chine is worked, sparks ma? be drawn irom any part of the body in 
the same manner as from the prime conductor. While the person 
remains insulated, he experiences no sensation from being filled 
with electricity ; or, if a metallic point be presented to way part of 
his body, the fluid may be drawn off silently, without being per- 
ceived. But if he touch a blunt piece oi metal, or any other con- 
ducting substence, or if he step from the stool to the floor, b^ will 
feel the electric shock ; and the shock will vary in 'force according 
to the quantity of fluid with which he is charged. 

725. The Leyden jar may be charged by presenting it to the 
prime conductor, when the machine is worked. If the oall of the 
jar touch the prime conductor, it will receive the fluid silently ; 
but if the ball of the jar be held at a small distance from the prime 
conductor, the sparks will be seen darting from the prime conduc- 
tor to the jar with considerable noise. 

726. The jar may in like manner be filled with negative elec- 
tricity, by applying it to the ball on the rubber post, and connecting 
the chain with the prime conductor. 

727. If the Leyden jar be charged from the prime conductor, (that 
is, with positive electricity,) and presented to the pith balls of the 
electrometer, they will be repelled ; but if the jar be charged from 
the brass ball of the rubber post, (that is, with negative electricity,) 
they will be attracted. 

728. If the electrometer be removed from the prime condnc^r, 
and a pointed wire be substituted for it, a wire with sharp points 
bent in the form of an S, resting upon it, will be made to revolve 
rapidly. In a similar manner the motion of the sun and the earth 

* A stool with glaas Ieg« belongs to " The Boston School set." This Is tito 
only article belonging to the set, which is not represented in this bocrit by a 
figure. It was thought needless to represent It. 

■'■ " ■■ I . . I. . . .1 ». 

7S2. What is the thiid f What does this show f 723. What is the fbarlll t 
784. What is the fifth ! 736. What is the sixth f 726. How may the Jar be filled 
with negaUve electricity? 7S7. What Is the seventhf 7S8. What ia the 
eighth? 
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Fig. 120. 




•Touod their common centre of gravity, together with the motion 
of the earUi and tibe moon may to represented.* 

729. If powdered redn be scattered over dry cotton wool, loosely 
wrapped on one end of the jointed dischargeri it may be inflamed 
by tne discharro of the battery or a Leyden jar. Gunpowder may 
be substitnted for the resin. 

730. The universal discharger, 
represented in Fig. 120, is an in- 
strument for directing a charse 
of electricity through any sub- 
stance, with certainty and pre- 
cision. It consists of two slid- 
ing rods, A B and C D, termi- 
nating at the extremities, A and 
D, with brass balls, and at the 
other ends, which rest upon the ivory table or stand E, having a 
fork, to which any small substance may be attached. The whole is 
insulated by glass legs or pillars. The rods slide through collars, 
by which means their distance from one another may be adjusted. 

731. In using the universal discharger, one of the rods or slides 
must be connected by a chain, or, otherwise, with the outside, and 
the other with the inside coating of the jar or battery. By this 
means the substance through which the charge is to be sent is placed 
within the electric circuit. (See Jfo, 709.) 

732. By means of the universal discharger, a piece, of a watch- 
spring, or any other small metallic substance, may be burnt. The 
substance must be placed in the forks of the sli(tes, and the slides 
placed within the electric circuit, in the manner described in the 
fast paragraph. In the. same manner, by bringing the forks of the 
slides into contact with a substance i>laced upon Uie ivory stand of 
the discharger, such as an egg, a piece of a potato, water, &c. it 
m^ be illuminated. 

i2Q, The electrical bells, 
represented in Fig. 121, are 
designed to show the effects 
of electrical attraction and 
repulsion. They are thus to 
be applied. The ball B of 
the prune conductor, with its 
rod, is to be imsciewed, and 
the rod on which the bells 
are suspended is to be screw- 
ed in its place. The middle 

* In the electrical department of ** The Boston School Bet,** there Is a brass 
wire in the form of an S, as aboye deaeribed, together with brasa balls, mounted 
on wires, to represent the son, eieutb, and moon, xevolYing aroand their conunon 
centre of grarity. 



Fig. 121. 
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729. What is the ninth i 7S0. What flgnie represents the universal dis- 
charger > MThat is its use ? Of what does it consist I 7S1. What is noccnenry 
in using the universal discharger ? What is efibcted by this means i 7S2. What 
experiments are shown by means of the universal discharger? Row must the 
substance be placed f 733. What figure represents the eleclrioal beUs ? What 
are they designed to show ? How are they to b^ applied f 

13 
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beO 11 to be oonneeted by a chain, with the table or the floor. When 
the machine is then slowly turned, the balls suspended between the 
bells will be alternately attracted and repelled by the bells, and cause 
a constant ringing, if the battery be charged and connected with 
the prime conductor, the bells will continue to ring until all the fluid 
firom the battery has escaped. 

It may be observed, that the fluid from thfi primb conductor passes 
readily from the two outer bells, which are suspended by chains ; 
they, therefore, attract the two balls toward them. The balls be- 
coming electrified by contact with the outer bells, are repelled by 
them and driven to the middle bell, to which they communicate 
their electricity; having parted with their electricity they are repell- 
ed by the middle bell, and again attracted by the outer ones, and 
thus the constant ringing Is maintained. The fluid which is com- 
municated to the middle hell, is conducted to tlie earth by the chain 
attached to it. 

734. Ether, or spirits of wine, ma^ bp inflamed by a spark com- 
municated from a person, in the following manner. The person 
standing on the insulating stool, (that is, the stool with glass legs,) 
receives the electric fluid from the prime conductor, by touching 
the conductor or any conducting substance in contact with it, he 
then inserts the knuckles of his hand in a small quantity of sulphu- 
ric ether, or spirits of wine, held in a shallow metallic cup, by 
another person, who is not insulated, and the ether or spirits imme- 
diately inflames. In this case the fluid passes from the conductor 
to the person who is insulated, and he becomes charged with elec- 
tricity. As soon as he touches the liquid in the cup, the electric 
fluid, passing from him to the spirit, sets it on fiie. 

735. The passage of the electric fluid from one conducting sub- 
stance to another, is beautifully exhibited by means of a glass tube 

Fif. 122. 
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haying a brass ball at each end, and coated in the inside with small 
pieces of tin foil, placed at small distances from each other in a 
spiral direction, as represented in Fig. 122. 
This is called the spiral tube. 

In the same manner various figures, let- 
ters, and words may be represented, by 
arranging similar pieces of tin foil between 
two pieces of flat glass. These experi- 
ments appear more brilliant in a darkened 
room. 

736. Fig. 123 represents the hydrogen 
cannon or pistol. When filled with hydro- 



What fkrther may be obserted with regard to this last ezperiment f 785. WbsK 
doss Fig. 122 reprMsnt i 738. Wbat does Fig. 128 represent f 
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■pottiman. From the 
laiger tnJI nfi. Leyden 
ju two birds rnnie of 
[nth t ■» BuiHnded by 
■ilk or bair. When the 
jar is charged the birdi 

ed in the figure, on ac- 
oount of t^ repulaioQ 
of the fluid in the Jar. 

If the jar be then 
placed on the tin foil 
of the stand, and (he 
nDaller ball placed vilhin a half inch of the end of the gan, a dk- 
cllarge will be produced, and the biida will Fall. 

738. If images, made of pith, or amall piecea of paper, are placed 
nndei the iniulat^d Muol, (that i>, the atool with glaia legB,] and ■ 
conneiion be madr; between the prime condaclor and the top of the 
■tool, the imagea, &c. will be alternately attracted and repelled ; or, 
in other worde. they will first rise to the eleotiilied top of the itool, 
•nd thus becomiDg themselTea electrified, by contact with the elec- 
trified top of the slool, thcT will then be repelled, and fall to tb« 
pound, the floor, or the table ; where, parting with their electricity, 
tiiej will again he attracted by the stool, thus ri^ng and falling witb 
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oooiidesible r^iditjr. In ofder to oondact thia Tpcriment tn c c e m 
fully, the images, £c. must be placed within a short diatanoe of the 
bottom of the stool. 

739. The straight receiver, connected with the pneumatic set, 
xepresented in Fig. 78, and described in number StT, as is there men- 
tioned, is a jar coated with parallel strips of tin foil. Let this be 
charged, by olacing the inside coating m contact with the prime 
conductor. If a number of pith balls be then placed within the 
glass, or the glass be placed over the pith balb, they will bound 
rapidly up and down,' and their motions will be repeated, as often as 
the glass is touched by the hand, until the jar or glass has parted 
with its electricity This experiment may also be performed by a 
plain glass tumbler. 

740. A hole, may be perforated through a quire of paper, by charg- 
ing the battery, resting the paper upon the brass ball of the battery, 
and making a. communication, by means of the jointed. discharger, 
between the ball of one of the jars and the brass ball of the box. 
The paper, in this case, will be between the ball of the battery and 
the end qf the discharger. 

741. The thunder house, Fig. 12i6, is designed to show the secu- 
rity afforded by liffhtninff rods, when lightning strikes a building. 
(See No. 712.) This is aons by placing 

a highly combustible material m the in- Fig* 136. 

side of'^the house, and passing a charge 
of electricity through it. On the floor 
of the house is a surface of tin foil. The 
hydrogen pistol, {See Fig. 123,) being 
filled with hydrogen gas firom the gas- 
ometer, {See Fig.VlAy) must be placed 
on the £oor of the thunder house, and 
connected with the wire on the opposite 
side. The house being then put togeth- 
er, a chain must be connected with the 
wire on the side opposite to the lightning 

rod, and placed m contact either with a single Leyden jar or with 
the battery. When the jar, thus situated, is charged, if a connexion 
be formed between the jar and the points of the lightninfif rod, the 
fluid will pass off silently, and produce no effect. But if a small 
brass ball be placed on the points of the rod, and a charge of elec- 
tricity be sent to it, from the jar or the battery, the gas in the pistol 
will explode, and throw the parts of the house asunder with a loud 
noise.* 

* The Buecess of this experiment depends npon the proper connexion of the 
jar with the lightning rod, and the electrical pistol. On the side of the house 
opposite to the lightning rod there is a wire, passing through the side, and ter- 
minating on the outside in a hooli. When the house is put together, this wire, 
in the inside, must touch the tin foil on the floor of the house. The hydrogen 

738. How must the imag^ be .placed to conduct the experiment snccessftil- 
W ? 741. What does Fig. 126 represent i What is it designed to show? How 
IS thlp done ? When will the fluids pass off silently and produce no effbct .' 
When will there be an explosion and the house be torn asunder ? Note* Uptm 
what does the success of this experiment depend ? What is said in the not* 
with regard to the thunder house * 
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74S. If the ball of the prime conductor be removed and a pointed 
wire be put in its place, the current of electricity flowing from the 

Soint, when the machine is turned, may be perceived by placing a 
ghted lamp before it ; the flame will be blown ^om the point; and 
this will be the case in what part soever of the machine the point is 
placed, whether on the prime conductor or the rubber; or if the 
point be held in the hand and the flame placed between it and the 
machine, thus showing that in all cases the fluid is blown from the 
point. Delicate apparatus may be put in motion by the electric fluid 
when issuing from a point. In this way electrical orreries, mills, &c. 
are constructed. [See JVb. 787.] 

743. If the electrometer be removed from the prime conductor, 
and a tufl of feathers or hair, fastened to a stick or wire, be put in 
its place, on turning the machine the feathers or hair will become 
electrified, and the separate hairs will rise and repel each other. A 
toy is in this way constructed, representing a person under exces- 
sive fright. On touching the head with the hand, or any conduct- 
ing substance, not insulated, the hair will fall. 

744. Gold leaf may be forced into the pores of glass by placing 
It between two slips of window glass, pressing the slips of fflass 
firmly together, and sending a shock from a batterv through them. 

745. If^old leaf be placed between two cards, and a strong charge 
be passed through thep, it will be completely fused. 

746. When electricity enters at a point, it appears in the form of 
a star ; but when it goes out from a point, it puts on the appearance 
of a brush. 

747. Lightning is the rapid motion of vast quantities 
of electric matter, — and thunder is the noise produced 
by the rapid motion of lightning through the air. 

748. The aurora borealisj (or northern lights,^ is supposed to be 
caused by Uie electric fluid passing through nighlv rarefied air ; and 
most of the great convulsions of nature, sucn as earthquakes, 
whirlwinds, hurfTcanes, water-spouts, &c., are generally accompa- 
nied by electricity, and often depend upon it. * 

pistol mast stand on the tin foil, and its insulated knob or wire, prelecting from 
its side, muRt be connected with the lower end of the lightning rod, extending 
into the inside of the house. A communication must then be made between the 
hook on the outside of the house, and the outside of the Jar or battery. This is 
conveniently done by attaching one end of a chain to the hook and holding the 
other end in the hand against Qie side of a charged jar. By presenting the knob 
of the jar to the points of the lightning rod no efibct is produced, but if a bran 
ball be placed on the points at P, and the knob of the jar be presented to the 
ball, the explosion will take place. If the charged Jar be very mddenly present- 
ed to the points, the explosion may take place •, and the jar nu^ be silently dis- 
charged if it be brought very slowly to the ball. 

The thunder house belonging to " The Boston School Set " Is lield together 
by magnets, attached to the inner surface of the sides. 

* The experiments which have now been described exemplify all the elemen- 
tary principles of the science of electricity, These experiments may be yaried, 
multiplied, and extended in innumerable (brms, by an ingenioos practical eleo- 

742. In what way are electrical orreries, mills, ^. oonstmoted ? 747. What 
is lightning ? What Is thmider ? 748. How is t)ie aurora borMlis sapposed to 
be caused? 

13 1 
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749. The electricitv which a bod^ xnanifestB bv \mag brought 
near to an excited boc^, wiUiout receiving a spark from it, is said to 
be acquired by induUioii, Whenaninsofited but unelectrified con- 

Irician. Among other thioga with which the sat^ect may be made interesting, 
may be mentioned the following facts, ftc 

. A number of flsathen, suspended by strings from an insulated condactingsub- 
stance, will. rise and present the appearance of a flight of birds. As soon as 
the substance is discharged the featfiers will fall. The experiment described 
in No. 737, may be varied by placing the sportsman on the prime conductor, 
withput the use of the Leyden jar, to which the birds are attached i 

The experiment in No. 738 may be varied by the use of two plates of metaL 
one of which may he suspended fh>m the prime. conductor and the painted 
images placed between them. 

Instead of the Leyden jar a'plate -of common glass, (a pane of window-glass, 
fbr instance,) may he coated on both sides with tin foil, leaving the edges bare. 
A l)ent wire balanced on the edge of the glass, to the ends of which balte maybe 
attached, with an image at each end, may he made to represent two persons 
tilting, on the same principle by which the electrical bells are made to ring. 
[See No, 738.] 

A beautiftal little sawmill was lately exhibited at a lecture at the Odeon, in 
this city, by Mr. Quimby, its ingenious contriver. The moving power was a 
wheel, with balls at the ends of the spokes, situated within the attractive influ- 
ence of two larger balls, diflferently electrified. As the balls on the spokes were 
attracted by one of the larger balls, they changed their electrical state and were 
attracted by the other, which, in its return, repelled them, and thus. the motion 
being given to the wheel was conmiunicsted by cranks at the. end of the axle to 
the saws above. 

When the hand is presented to the prime conductor, a spark is communicat- 
ed, attended with a slightly painfhl sensation. But if a pin or a needle be held 
im the hand with the point towards the conductor, neither spark nor pain will 
be perceived, owing to the attracting, (or perhaps, more properly speaxing, the 
receiving) power, of the point. 

That square rods are better than round ones to conduct electricity silently to 
the ground, and thus to protect buildings, may be proved by causing each kind 
of rod to approach the prime conductor when charged. It will thus be perceiv- 
ed, that while little effect is produced on the pith balls *f the electrometer by 
the near approach of the round rod, on the approach of the square one the balls 
^ill immediately fall. The round rod also, will produce an explosion and a 
spark, from the ball of the prime conductor, while the square one will draw off 
the fluid silently. 

The effects of pointed conductors upon clouds charged with electricity may 
be femiliarly exemplified by suspending a small fleece of cbtton wool flrom the 
prime conductor, and other smaller fleeces fl'om the upper one. by small fila- 
ments. On presenting a point to them they will be repelled and all drawn to- 
gether ; but if a blunt conductor approach them they will be attracted. 

From a great variety of facts, it has been ascertained, that lightning rods afford 
but Ijttle security to any part of a building beyond twenty feet ttom them *, and 
that when a rod is painted it loses its conducting power. The lightning rods of 
the most approved construction, and in strictest accordance with philosophical 
principles, are composed of 9maU square rods, (similar to nail rods.) They run. 
over the building, and down each of the comers, presenting many elevated 
points in thehr course. At each of the comers, and on the chimneys, the rods are 
elevated several feet above the building. Rods of this description have been 
erected on all the public school-houses and other public buildings of this city, by 
order of the city authorities. They were constructed by Dr. King, who has 
introduced an improvement, by twisting the square rods, and thus multiplying 
the sharp surihces presented to collect the fliiid* 
■'■ ' ■ I ■ . . ■ * i» 

Why are square rods better than round ones to conduct electricity silently to 
the ground, mA thus protect buildings from lightning ? How for beyond the rod 
do lightning rods aflbrd protection f In what way are the most approved lighU 
niogrodfl constroeted ? ^ 
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doctor is broaeht near ah insulated charged conductor, the end near 
to the excited conductor assumes a state of opposite electricity, 
while the farther end assumes the same kind of electricity,— that is, 

The removal of >ilk and woollen garments, worn during the day in cold 
weather^ is often accompanied by a slight noise,- resembling that of sparks issu- 
ing flrom a fire. A similar efibct is produced on passing the hand softly over 
the back of a cat. These eifects are produced by electricity. 

It may here be remarlted, that the terms positive and negativd, are inerely 
relative terms, as applied to the subject of electricily. Thus, a body which is 
possessed of its natural share of electricity, is positive in respect to one that 
has less, and'negative in respect to one that has more than its natural share of 
the fluid. So, also, one that has more than its natural share is positive with 
regard to one that has only its natural share, or less than its natural share, — 
and negative in respect to one having a larger share than^ itself. 

The experiments with the spiral tube. No. 735, may be beautifully varied by 
having a collection of such tubes placed on a stand ; and a Jar coated with small 
strips resembling a brick wall, presents^ when it is charged, a beantiftU appear- 
ance in the dark. 

The electric flaid ooenpiea no perceptible space of time in its passage through 
its circuit. It slw^eys seems to prefer the shortest passage, when the conductors 
are equally good. Thus, if two, ten, a hundred, or a thousand or more persons, 
Join hands and be made part of the circuit of the fluid in passing fl'om the, in- 
side to the outside of a Leyden Jar, they will all feel the shock at the same 
moment' of 'time. But, in its passage, the fluid always prefers the best conduc- 
tors. Thus, if two clouds, diflbrently electrified, approach one another, the 
^aid, in its passage from one cloud to the other, will sometimes take the earth 
in it9 coarse, 1>ecause the air is a bad conductor. 

In thunder storms, the electric fluid sometimes passes flrom the clouda to the 
earth, and sometimes from the earth to the clouds : and sometimes, as has just 
been stated, from one cloud to the earth, and flrom the earth to another clood. 

It is not safe, during a thunder storm, to take shelter under a tree, because the 
tree attracts the fluid, and the human body being a better conductor than the 
tree, the fluid will leave the tree and pass into the body. 

It is also unsafe to hold in the hand edge toohi, or any sharp point which 
will attract the fluid. 

The safest position that can be chosen during a thunder storm, is a recumbent 
posture on a feather bed j and in all situations a recumbent is safer than an.erect 
position. No danger is to be apprehended flrom lightning when the interval 
between the flash and the noise of the explosion is as mush as three or fbur 
aeconds. This space of time may be conveniently measured by the beatings of 
the pulse, if no time-piece be 9t hand. 

Lightning rods^ere first proposed- by Dr. Franklin, to whom is also ascribed 
the honor of the discovery that thunder and lightning are the eflbcts of electri- 
city. He raised a kite, constructed of a silk handkerchief, adjusted to two light 
strips of fiedar, with a pointed wire fixed to it ; and fastening the end of the twine 
to a key, and the key, by means of a piece of silk lace, to a post, (the silk lace 
serving to insulate the whole apparatus,) on the approach of a thunder cloud, 

< ■ • " .11 I ■ ■ will 

' What is remarked with regard to the terms negative and positive i How can 
this be illustrated f What is said with regard to the time the electric fluid oc- 
cnpies in its passage through its circuit f By what is the electricity which a 
body manifests by being brpu^t near to an excited body without receiving a 
spark from it, said to be acquired ? When an insulated, but unelectrified con- 
ductor, is brought near an insulated charged conductor^ what is said with regard 
to the end near the excited conductor f What example is given to illustrate 
this f What example is given to show that the fluid prefers the best condnc- 
tors i In wliat difi*erent ways does the electric fluid sometimes pass in thundw 
storms f Why is it unsafe, during a thunder storm, to take shelter under a tree, 
or to hold in the hand any edge tools f What position is the safest in a thun- 
der stoVm ? -When is there no danger to be apprehended fl'om the lightning f 
By whom were lightning rods first proposed ? Who fint discorered that thna* 
der sad lighthing are the effecu of electricity f 
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if the conductor be electrified positively, the unelectiified condnetor 
will be negative at the nearer end and positive at the further end, 
while the middle point eviiioes neither positive nor negative elee- 
tricity. 



SECTION XVII. 

Galvanism, or Voltaic Electricity, 

750. Galvanism is a branch of Electricity. It derived 
its name from Galvani, * who first discovered it. 
£lectricity is produced by the mechanical action of bodies on one 

he was able to collect sparks from the key, to charge Leyden jars, and to set fire 
to spirits. This experiment established the identity of lightning and electrici- 
ty. The experiment was a dangerous one, as was proved in the case of Profias- 
■or Richman, of St. Petersburgh, who fell a sacrifice to his zeal for electrical 
science, by a stroke of lightning from his apparatus. 

Among the most remarkable facts, connected with the science of Electricity, 
may be mentioned the power possessed by certain species of fishes, of giying 
shocks, similar to those produced by the Leyden jar. There are three anim^ 
possessed of this power, namely, the Torpedo, the Gymnotus Electricus, (or 
Surinam Eel,) and the Silurus Electricus. But although it has been ascertained 
that the Torpedo is capable of giving shocks to the animal system, similar to 
those of the Leyden jar, yet he has never been made to afiford a spark, nor to 
produce the least effect upon the most delicate electrometer. The Gymnotoi 
gives a small but perceptible spark. The electrical powers of the Silurus are 
inferior to those of the Torpedo or the Gymnotus, but still sufficient to give a 
distinct shock to the human system. This power seems to have been bestowed 
upon these animals to enable them to secure their prey *, and to resist the at- 
tacks of their enemies. Small fishes, when put into the water where the Gym- 
notus is kept, are generally killed or stunned by the shock and swallowed by the 
animal, when he is hungry. The Gymnotus seems to be possessed of a new 
kind of sense, by which he perceives whether the bodies presented to him be 
conductors or not. 

* Dr. Aloysius Galvani was a Professor of Anatomy in Bologna, and made his 
discoveries about the year 1790. His wife, being consumptive, was advised to 
take, as a nutritive article 6f diet, some soup made of the flesh of frogs. Sever- 
al of these animals, recently skinned for that purpose, were lying on a table in 
his laboratory, near an electrical machine, with which a pupil of the professor 
was amusing himself in trying experiments. While the machine was in action he 
chanced to touch the bare nerve of the leg of one of the frogs, with the blade of a 
knife that he held in his hand, when suddenly the whole limb was thrown into vio- 
lent convulsions. Galvani being informed of the fact, repeated the experiment, 
and examined minutely all the circumstances connected with it. In this way 
he was led to the discovery of the principles which form the basis of this 
science. The science was sufisequently extended by the discoveries of Profes- 
sor Volta, of Pavia, who first constructed the Galvanic or Voltaic Pile, in the 
begliming of the present century. 

In what way did he prove this i What is related as among the most remark- 
able fkcts connected with the science of electricity f 76a What is galvanism? 
How is electricity generally produced f By whom and when was galTaniam 
discovered f What led to the discovery ? 
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aiMythei'; but Gayvankini, or GkUfanie Electricity, is juoduoedby 
their chemical action. 

751.- The motion of the electric fluid excited by galvanic power, 
difiers from that explained in the science of electricity, in its dura* 
tion; for while the latter exhibits itself in sudden and intermitted 
shocks and explosions, the former continues in constant and unin- 
terrupted action. 

752. The nerves and muscles of animals are most easily affected 
by the galvanic fluid ; but the voltaic or galvanic battery possesses 
the most surprising powers of chemical decomposition. 

753. The galvanic fluid or influence is excited by the 
contact of pieces of difierent metal, and sometimes by 
diflferent pieces of the same metal. 

754. lUustration first. If a living frog, or a fish, (as a flounder,) 
having a slip of tin foil pasted on its back, be placed upon a piece 
of 2ine, spasms of the muscles will be excited whenever a commu- 
sication is made between the zinc and the tin foil. 

755. ULxutration second. If a person place a piece of one metal^ 
as a half dollar, above his tohgue, and a piece of some other metal, 
as zinc, below the tongue, he will perceive a peculiar taste ; and, 
in the dark, will see a fliuh of light, whenever the outer edges of 
the metals are in contact. 

756. lUuitration third. A faint flash may be made to appear be- 
fore the eyes by putting a slip of tin foil upon the bulb of one of 
the eyes, a piece of silver in the mouth, and making a communica- 
tion between them. In these expeiiments, no effect is produced so 
long as the metals are kept apart; but on bringing them into con- 
tact, the effects above described are produced. 

757. The conductors of the galvanic fluid are divided 
into the perfect . and the imperfect. Metallic substances, 
plumbago and charcoal, the mineral acids and saline 
solutions are perfect conductors. Water, oxydated flu- 
ids, as the acids, and all the substances that contain 
these fluids, alcohol, ether, sulphur, oils, resins, and 
metallic .oxides, are imperfect conductors. 

758. To produce any galvanic action it is necessary 
to form what is called a galvanic circle ; that is, a cer- 
tain order or succession of substances capable of pro* 
ducmg the fluid. 

751. How does the motion of the electric fluid, excited by galvanic power, 
difibr-from that explained in the sctence of electricity f 752. What bodies are 
most easily effected by the galvanic fluid ? 753. How is the galvanic fluid or in- 
fluence excited f 754. What illustrations of this are given? 757. Into what are 
the conductors of the galvahic fluid divided i What substances are perflsct con- 
ductors f What substances are imperfect conductors f 758. What is 
sary in order to produce any galvanic action f 
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759. To produce electricity in the common Way (a$ has been 
ataUd under the head of eZectrio^), it is necessary to excite an elec- 
tric or non-condacting substance. Bat to produce the galvanic 
fluid, all that is necessary is the simple contact of different conduct- 
Ukg substances with each other. 

760. The simplest galvanic circle is composed of 
three conductors, one of which must be solid, and one 
fluid ; the third may be either solid or fluid. 

761. The process usually adopted for obtaining ^alyanic electri- 
city is to place between two plates, of different kinds of metal, a 
flmd capable of exerting some chemical action on one of the plates 
while it has no action, or a different action, on the other. A com- 
munication is then formed between the two plates. 

762. Ulustraticn. Fig. 127 represents a simple galvanic circle. It 
consists of a vessel containing a portion of dilated sulphuric acid, 
with a plate of zinc Z and of copper C immersed in it. The plates 
are separated at the bottom, and the circle is completed by unit> 
ing the plates at the top. The same effect will be produced, if, in- 
stead of allowing the metallic plates to come into direct contact, the 
communication between them be effected by wires extending from 
one to the other. 

763. In the above arrangement, there are three elements or es- 
sential parts ;* namely, the zinc, the copper, and the acid. The acid, 
acting chemically t upon the zinc, produces an alteration in the elec- 
trical state of the metal. The zinc communicating its natural share 
of the electrical fluid to the acid, becomes negaiivdyX electrified. 

* It if essential in all cases to have three elements to produce galvanic ao- 
Uon. In the experiments or illastrations in numbers 764, 755 and 756, the 
moUture of the animal, or of the mouth, supplies the place of the acid, so that 
the three constituent parts of the circle are completed. 

f A certain quantity of electricity is always developed, or, in other words, 
converted teova a hitent to an active state, v^henever a chemical action takes 
place between a fluid and a solid body. This is a general law of chemical ac- 
tion ; and, indeed, it has been ascertained, that there is so intimate a connexioa 
between electrical and chemical charges, that the chemical action can proceed 
only to a certain extent, unless the electrical equilibrium, wliich has been dis- 
turbed, be again restored. Hence, we find that in the simple, as well as in the 
compound galvanic circle, the oxidation of the sine proceeds with activity 
whenever the galvanic circle is completed ; and that it ceases, or, at least takes 
place very slowly, whenever the circuit is interrupted. 

X It appears at flrat view to be a singular fact, that in a simple galvanic circle, 
composed of zinc, acid, and copper, the zinc end will always be negative, and 
the copper end positive; while in all compound galvanic circles, composed of 
the same elements, the ssino will be positive, and the copper negoHve* This ap- 
parent difference arises from the compound circle beii^ usually terminated by 
two superfluous plates. 

^— ^-^^^^^ I I — ■ — — — - I II a 

759. How does the manner of producing the galvanic fluid and electricity in 
the common way, differ ? 760. Of what is the simplest galvanic circle compo- 
sed ? 761. What process is usually adopted for obtaioing galvanic electricity i 
Illustrate this by Fig. 127. What effect will be produced if, instead of allowing 
the metallic plates to come into direct contact, the communication between 
them be effected by wires i How many parts are there in the above arrange- 
ment? What are they i What eSbcX does the acid produce i What it tte 
electrical state of the zinc f 
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The oopptr, aUnctiag the ume fluid 
from the scid, becomea positinely electri- 
fied. Any conducting eubaUnce, tfaere- 
foie, placed within the line of eommuni- 
cs^on between the positive snd negitiTe 
points, Kill teceiire the chirge thua to be 
obliined. The srrowa in Fig. 127 show 
the direction of the current of poaitiTe 



from the copper b&ck tL 

■ubBta.ace to be lubniitted to the action of 
the fiuid, must be placed in the line of 
conununi Dalian betweeo the copper and 1 
the liDC. 1 I 

764. The electrical efiecta of a ainiple 1 1 
gnlianic circle, such ■■ haa now been des- 
cribed, are, in general, too feeble to he ner- 
ceiTed.eioept by lery delicate leatfl The ^ 

miisclea of animale, especiallv those of 

cold-blooded oniinala, auch aa frogs, &c., the tongue, the eye, and 
other aenaitive paita of the body, Iwing very eaaiTy affected^ afford 
examples of the opention of aimplR galvanic circles. (See lUuf- 
traiiinu, 754 &c,) In theae, although the quantity of electri- 
city set in motion ia eioeedingiv amall, it ia yet snfficieat to pro- 
dace very coneiderable effecta ; but it producea little or no effect on 
the most delicate eteclroroeter.* 

765. The galvanic effects of a simple circle may be 
increased, to aoj degree, by a repetitioo of the same 
simple combination. 

Snch repetitions constitute componDd galvanic circles, and ue 
called galranic piles or galvanic batteries, according to the mode in 
which they are constiucted. 

766. The voltaic pile consists of alternate plates of 
two differeat kinds of metal, separated by woollen cloth, 
card, or some similar substance. 



. Vig. V^>i repreaents a 
ucted in the folIowiDg m 



Oflhecopnr? Wbatare Ibearnma, LnPlf. 117,dultiw<l loahoir? Wki» 
maal Ihe iqutsnci, lo Iw auLmnixd u> Ihe actioo of Ibe flntd, be placed f 
WkatiiiBtdoTttieelecirlcalaa'Mraof a almpl* laJvaDlc drcLe f Wliaieiain- 
plM an gjvsn ilJualrallog the aperatien of iloiple latianJc circleif Upoa 
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say twelve plates of silver, and the same nam- Fig. 128. 

ber of zinc, and also of woollen cloth, the cloth 
having been soaked in a solution of sal ammo- 
niac in water ;' with these a pile i^ to be formed 
in the following order : namelv, a piece of sil- 
ver, a piece of zinc, a piece of. cloth, and thus 
repeated. These are to be supported by three 
glass rods, placed perpendicularly with pieces 
of wood at the top and bottom, add the pile will 
then be complete ; and will afford a constant 
current of electric fluid through any conducting substance.' Tl^ns, 
if one hand be applied to the lower plate, and the other to the upper 
one, a shock will be felt, which will be repeated as oflezr as the 
contact is renewed. 

Instead of silver, copper plates, or plates of other metal, may be 
used in the above arrangement. The arrows in the figure, show 
the course of the current of electricity in the arrangement of silver, 
zinc, &c. 

768. The voltaic battery is a combinatioa of metallic 
plates, immersed by pairs in a fluid which exerts a chem- 
ical action on one of each pair of the plates, and no 
action, or, at least, a different action on the other."^ 

769. lUMstraiion. Fig. 129 represents a voltaic battery. It con- 
sists of a trough made of baked wood, wedge wood- ware, Gt some 
other non-conaucting substance. It is Fig. 129. 
divided into grooves or partitions, for 
the reception of the' a^id, or a saline 
solution, and the plates of zinc or cop- 
per (or other metals) are immersed by 
pairs in the grooves. These pairs of 
plates are united by a slip of metal 
passing from- the one and soldered to 
the omer; each pair being placed so 
as to enclose a partition between them, 
and each cell or groove in the trough 
containing a plate of zinc, connected 
with the copper plate of the succeeding cell, and a copper plate 
joined with the zinc plate of the preceding cell. These pairs must 
commence with copper and terminate with zinc, or commence with 
zinc and terminate with copper. The communication between the 
first and last plates is made by wires, which thus complete the gal- 

* The electricity excited by the battery, proceeds yrom the solid to the flnid 
which acts upon it chemically. Thus, in a battery composed of zinc, dilated 
sulphuric acid and copper, the acid acts upon the zinc, and not on the copper. 
The galvanic flnid proceeds, therefore, from the zinc to the acid, from the add 
to the copper, 6lc 





Can any other metal be used f What are the arrows in the figure designed to 
show ? 768. What is jthe voltaic battery f What is said in the note with re- 
gard to the electricity excited by the battery f What does Fig. 129 represent ? 
Of what does the voltaic battery consist f How is the commonication between 
the first and last plates made ? 
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▼tnie circuit. The rabstance to be •ubmilted to galTanic aetioii ii 
placed between the points of the two wirea. 

770. A compound battery of great power is obtained by unitinff a 
number of these troughs. In a similar manner a battery majr be 
produced by uniting seyerai piles, making a metallic communiea* 
tion between the last plate of the one and the first plate of the next, 
mnd so on, taking care that the order of Mcoession of the plates in 
the circuit be preserved inviolate. 

771. The Couronne des tusses^ represented in figure 130, ie an- 
other form of the galvanic battery. p|.^ ^30^ 

It consists of a number of cups, * 

bowls, or glasses, with the zinc 

and copper plates immersed in ^».s^*V-v^^->?^r^^. 

them, in the order represented in 

the figure ; Z indicating the zinc, c 

and C the copper plates; the ar- 

rows denoting the course of the 

electric fluid. 

772. The electric shock firom the V .^^ / 
Toltaic battery may be received by ^^ ^^.^^^ ^>^ 
any number of persons, by joining ^t-^tK 
hands, having previously wetted tnem. 

773. The spark from a powerful voltaic battery acts opon and 
inflames gunpowder, charcoal, cotton, and other inflammable bodiee, 
melts all metals, disperses diamonds, &c« 

774. The wires, by which the circuit of the battery is completed, 
are generally covered with glass tubes, in order that they may be 
held, or directed to any substance. 

775. There are three principal cireumstanoes in which the elec- 
tricity produced by the galvanic or voltaic battery, differs from that 
obtained by the ordinary electrical machine, namely, — 

First, The very low decree QfinUnsky* of that produced by the 
galvanic battery, compared with that obtained by the machine. 

* By intewrity is here meant the same that is implied by density, ss •applied 
to matter. The quantity of electricity obtained by galvanic action is mudi 
greater than can be obtained by (tie machine ; but it flows, as it were, in nar* 
row streams. Tlie action of the electrical machine may be compared to a 
mighty torrent, dashing and exhautting itsetf in one leap from a precipitoos 
height. The galvanic action may l>e compared to a steady stream, supplied by 
■n inexhaustible fountain . In other words, the momenium of the electricity 
excited by galvanism is less than that from the electrical machine, — bat tas 
quantityy as has been stated, is greater. 

Where must the substance whidi is to be submitted to galvanic action he 

Ssced f How can a compound battery of great power be obtained ! What 
les Fig. ISO represent? Of what does this battery consist i How can the 
electric shock, from the voltaic battery, be received by any number of persons t 
What is said of the spark from a powerfhl voltaic battery ? T7£. In how many 
ways does the electricity produced by the galvanic or voltaic battery diflbr from 
that obuined by the ordinary electrical machine f What is the first f What is 
here meant by Intensity f How does the quantity of electricity obtained by 
falTanic action, compare with that obtained by the machine f To wliat may 
the action of the electrical nadUae be compared f To what maj the galvanic 
■etIoB be compared f 

14 
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Sseomlljf. The very large qatntitj of electricity which is let ia 
motion by the Yoltaic battery ; and 

Thirdly, The continuity of the current of voltaic electncity, and 
iti perpetual reproduction^ even while this current is tending to 
leitore the equilibrium.* 

776. A common electrical battery may be charged /from a yoltaie 
battery of sufficient siie ; but the largest calori motor that has yet 
been constructed, furnishes no indication of attraction or repnlsion 
equal to that which is given by the feeblest degree of excitation to 
a piece of sealing wax. A galvanic battery, consisting of fifty 
pairs of plates, will affect a delicate gold-leaf electrometer ; ana, 
with a series of one thousand pairs, even pith balls are made to 
diverge. 

777. .Voltaic piles have been constructed of layers of gold and 
•liver paper. The effect of such piles remains undisturbed for 
years. With .the assistance of two such piles, a kind of perpetual 
nutfion, or self-moving clock, has be^n invented by an ItaJian phi- 
losopher. The motion is produced by the attraction and repulsion 
of the piles exerted on a pith ball, on the principle of the (?lectr)cal 
bells described in number 733. The top of one of the piles was 
positive, and the bottom negative. The other pile was in an oppo- 
site state ; namely, the top negative, and the bottom positive. 

778. The efiect of the voltaic pile on the animal body 
depends chiefly on the number of plates that are em- 
ployed ; but the intensity of the spark and its chemical 
agencies increase more with the size of the plates, Ihaii 
with their number. 

779. Galvanism explains many facts in common life. 

* Whenever an electrical battery i« charged, how great soever may be tha 
quantity that it contains, the whole of the power is at onee expended, as soon 
aa the circuit is completed. Its action may he sufficiently energetic while it 
lasts, but it is exerted only for an instant, and like the destructive operation of 
lightning, 6an etTect, during its momentary paaitajte, only sudden and Tioleat 
changes, which it is beyond human- power to regulate or control. On the con- 
trary, the voHaic battery continues for an indefinite time, to develope and supply 
vast quantities of electricity, which, far from being lost by returning to their 
source, circulate in a perpetual stream, and with undiminished force. Tha 
effects of this continued current on the bodies subjected to its action, will^ 
therefore, be more definite, and will be constantly accumulating ; and their 
amount in process of time, will be incomparably greater than even those of tha 
ordinary electrical explosion. It is, therefbre, found that changes in the com- 
position of bodies are effected by galvanism, which can be accomplished by no 
other means. The science of galvanism, therefore, has extended the field, aad 
multiplied the means of Investigation in the kindred acienoes, especially Clutt of 
eliemiatry» 

- r - -I - ■ - III . - - . . - Mil-' I I ■■■. ■•- — 

What is the second way in which they diffbr f What is the third .' What is 
said in the note with regard to the third circumstance in which the eleciridcy 
obtained by the ordinary electrical machine diSbrs from that produced by thf 

evanic battery f What is aaM of the effheis of this continued current on the 
lies sutjected to its action ? Of what have voltaic piles been conatructed f 
What has been produced with the assistance of two sach piles f How and on 
What principle was the motion produced f 778. On what does the effect of the 
voluic pile OB the body depond f 779. What Aicts la common life does falva»- 
km explain f 
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Porter, ale, or strong beer, is said to have a peculiar taste when 
drunk from a pewter vessel. The peculiarity of taste is caused by 
the galvanic circle formed by the pewter, the beer, &€., and the 
moisture of the under lip. 

Works of metals, the parts of which are soldered together, soon 
tarnish in the places where the metals are Joined. 

Ancient coinn, composed of a miztuie of metal, have crumbled to 
pieces, while liiose composed of pure metal have been uninjured. 

The nails and the copper in sheathing of ships are soon corroded 
about the pince of contact. These are all the effects of galvanism.* 

There are persons who profess to be able to find out seams in 
brass and copper vessels by the tongue, which the. eye cannot dis- 
cover ; and, by the same means, to distinguish the base mizturei 
which, abound in gold and silver trinkets. 



SECTION XVIII. 
Magnetism. 

780. Magnetism treats of the properties and effects 
of the magnet, or loadstone. 

781. There are two kinds of magnets, namely, the native or 
natural magnet, and the artificial. 

782. The native magnet, or loadstone, is an ore.of iron, found in 
iron mines, and has the property of attracting iron and other sub- 
stances which contain it. ' 

783. An artificial magnet is a piece of iron to which magnetic 
properties have been communicated. 

For all purposes of accurate experiment, the artificial is to be pre- 
ferred to the native magnet. 

784. If a straight bar of soft iron be held in a vertical position, 

* The most striking effects of galvanism on the hnman fhtme, after death, 
were exhibHed at Glasgow, a fbw years ago. The subject on which the experi- 
ments were made was the body of the murderer Clydesdale, who was hanged 
at that city. He had been suspended an hour, and the first experiment was 
made in about ten nainutes after he was cut down. The galvanic battery em- 
ployed consisted of 270 pairs of four inch plates. On the application of the 
battery to different parts of the body, every muscle was thrown iirto violent 
agitation ; the leg was thrown out with great violence, breathing commenced, 
the face exhibited extraordinary grimaces, and the ^nger seemed to point out the 
spectators. Many persons were obliged to leave the room (torn terror or sick- 
ness j one geutleman fainted, and some thought that the body had really come 
to life. 
' > ' ' 111 1 11 . II ■ _ ^— ^».— — 

780. Of what does magnetism treat i 781. How many kinds of magnets are 
there ? What are they f 782. What is the native magnet ? What property 
does it possess ! 783. What is an artificial magnet i Which magnet is pre- 
ferred, for all purposes of accurate experiment t 784. How can an artificial 
magnet be made f 
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(OTf ■tin better, in a position dightly inolined to the perpendicnlar, 
tlie lower end deviating to the north,) and struck mvenl smart 
Mews with a hammer, it wiU be found to have acquired, bj Ihis 
proeess, all the i>roperties of a magnet ; or, in other words, it will 
beeome an artificial magnet 

785. The properties of a magnet are four ; namely, 
Fintf Polarity, — Second^ Attraction of unmagnetic iron, 
— T%irdi Attraction and repuhion of magnetic iron, — 
Fourth, The power of communicating magnetism to 
other iron. 

786. By the polarUy of a magnet is meant the prop- 
erty of pointing, or turning to the north and south poles. 
The end which points to the north, is called the north 
pole of the magnet, and the other the south pole. The 
attractive power of a magnet is strongest at the poles. 

787. When a magnet is supported in such a manner as to move 
freely, it will spontaneously assume a position directed nearly north 
and south. The end which points to the north, is called the north 
pole of the magnet ; and that which points to the south, is called 
the south pole. 

788. There are several ways of supporting a magnet, so as to 
enable it to manifest its polarity. Fir^f by suspending it, accu- 
rately balanced, from a string. Secondly, by poising it on a sharp 
point. Thirdly, by placing it on a piece of cork, and thus making 
it float on water. 

789. Different poles of magnets attract, and similar 
poles repel each other.* 

790. A magnet, whether native or artificial, attracts iron or steel 
which has no magnetic properties ; but it both attracts and repds 
those substances, when thev are magnetic ; that is, the north pole 
of one magnet will attract the south pole of another, and the south 
pole of one will attract the north of another ; but the north pole of 
the one repds the north pole of the other, and the south pole of one 
lepels the south pole of another. 

791. If either pole of a magnet be brought near any small piece 

* There ia here a dote analogry between the attractive and repulsive powers 
of the diffbrent kinds of electricity, (that is, the positive and the negative,) and 
the northern and southern polarities of the matgnet. Tbe same law obtains 
with regard to both ; namely, — between like powers there it repulsion ; be- 
tween unlike, there is attraction, 

*— • — r 

78fi. What ia the first property of the magnet ? Second ? Third f Fourth i 
786. What ia meant by the polarity of a magnet ? Where ia the attractive 
power of the magnet the atrongest f When will a magnet assume a position 
oirected nearly north or south ? What ia the north pole of the magnet ? What 
ia the aoath pole f In what waya can a magnet bh aupported ao aa to enable it 
to maniftst tta polarity. What is said in No. 790 with regard to the attrac« 
tion of magneta, whether native or artifleial f What analogy ia there between 
the attractive and repalaive powera of the difihrent kinds of electricity, and the 
■ortbem and soathera polarities of the magnet f 
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of floft iron, it will attract it. Iron filings will also adhere in oliuh 
teis to either pole. 

792. If the north pole of a magnet, held in the hand, be presented 
to the same pole of a magnet balanced on a point, or suspended by 
a string, it will repel it, — but it will attract the opposite pole. 

793. A magnet may communicate its properties to 
other bodies. But these properties can be conveyed to 
no other substances than iron, nickel, or cobalt.* 

All natural and artificial magnets, as. well as the 
bodies on which, they act, are either iron in its pure 
state, or such compounds as contain it. 

794. The powers of a magnet are increased by action, 
and are impaired and even lost by long disuse. 

795. When the two poles of a tnagnet are brbught together, so 
that the magnet resembles in shape a horse-shoe, it is called a 
horse^shoe magnet, and it may be made to sustain a considerable 
weight by suspending substances from a small iron bar, eztendinff 
from one pole to the other. This bar is called the keeper. A 
small addition may be made to the weight every day. 

796. Soft iron acquires the magnetic po^er very readily, and also 
loses it as readily, — but hardened iron or steel acquires the proper? 
ty with, difficulty, but when it has acquired it, retains it permar 
nently. 

797. When a magnet is broken or divided, each part 

becomes a perfect magnet, having both a north and 

south pole. 

This is a remarkable circumstance, since the central part of a 
magnet appears to possess but little of the magnetic power, — but 
when a magnet is divided in the centre, this very part assumes the 
magnetic power, and becomes possessed, in the one part, of the 
noilh, and in the other, of the south polarity. 

798. The* magnetic power of iron or steel resides 
wholly oh the surface, and is independent of its mass, f 

* The accuracy of tbe •above statement majy perhaps, be questioned, linos 
.Conlomb has dMcovered, that " tUl solid bodies are susceptible of magnetic in- 
^uence." But the "tn/7uence" is perceptible only by the nicest tests, and 
under peculiar circumstances. [See Electro-Magnetism,] 

t In this respect there is a strong resembianoe between magnetism and ela»> 
fricity. Electricity, as has idready been stated, is wholly confined to the sor* 

793. Can a magnet communicate its properties to oth'er bodies i To what 
' substances, only, can these properties be conveyed .' Of what substancl are all ^ 
natural and artificial magnets, as well as the bodies on which they act, com- 

Eosed r 794. How can the powers of a magnet be increased } 796. What is a 
orse-shoe magnet ? How can it be made to sustain a considerable weight t 
What is this bar called i 796. How does soft lion dillbr ftt>m hardened Iron, 
with respect to its acquiring and losing the magnetic power ? 797. What 
eflbct is produced when a msgnet is broken or diyided i Why is this a rs- 
markable circumstance f 798. Where does the magnetic power of iron or steel 
wholly reside { Nott, In what particolars do mago«tisn sod electricity r»> 
ssmble each other f 

J4* 
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799. Heat weakens, and a great degree of heat de» 
fltroys the power of a magnet ; but the magnetic attrac- 
tion is not m the least diminished by the interposition of 
any bodies except iron, steel, &c. 

800. Electricity frequently changes the poles of a masrnet i and 
the explosion of a small quantity ofgunpowder, on one oithe poles, 
produces the same effect 

Electricity, also, sometimes renders iron and steel ma^^etie, 
which were not so before the charge was received. 

801. The effect produced by two magnets, used to- 
gether, are much more than double that of either one 
used alone. 

802. When a magnet is suspended freely from its 
centre, the two poles will not lie in the same horizontal 
direction ; one of them will incline towards the horizon, 
and the other will consequently rise; or, in other words, 
one end of the magnet will be higher than the other. 
This is called the inclination or ihe dipping of the 
magnet. 

Amo of bodies. In a few worda, magnetism and electricity may be said to 
leaemble each other in the foilowing particnlara. 

1. Each conainis of two species, namely, the vltreona and the resinous (or, 
the positive and negative) electricities ; and the northern and southern (some- 
times called the Boreal, and the Austrat) polarity. 

3. In both magnetism and electricity, those of the same name repel and those 
of different names attract each other. [See No. 790.] 

& The laws of induction in both are similar. 

4. The influence, in both cases, (as has Just been stated,) resides at the nr" 
ybee, and is wholly independent of their mass. 

But magnetism and electricity differ in the iblloWIng parficulara. 

1. Electricity is capable of being excited in atl bodies, and of being imparted 
to all, — Magnetism, with but few exceptions, resides in, and can be imparted 
only to iron, and its different compounds. [See note to No. 793.1 

3. Electricity may be transferred from one body to another ; in which case 
the body (torn which it is transferred loses the whole or a portion of its electric^ 
ttj. Magnetism cannot he transferred in the same manner ; but it may be com- 
municated from a magnet to another piece of iron or steel, in which case the 
augnet employed loxeit no part of its own pQwer. 

5. Wiien an electrified body is divided near the middle^ the two parti will 
poeaem Ihe same kind of electricity which they had before the separation, — 
but when a magnet is divided, or broken into any number of parts, each jMurt 
win have both polarities, and become a perfect magnet. 

4. The directive property, or ^he property of turning toward the north oi 
ioath poles, belongs to the magtiet alone. 

H I ■ I.I I I II ^— — »— M^ 

Note. What is the first f What is the second ? What Is the third f What 
is the fourth f In what particulars do magnetism and electricity differ feom 
each other? What is the first f What is the second? What is the third? 
What is the fourth ? 799. What eflfect has heat on the power of the magnet ? 
By what is the magnotie attraction diminished ? 800. What effect has electric- 
ity «n the poles of a magnet ? What effect has elecf ricity, sometimes, on inm 
nd steel? 801. What proportion do the effects produced by two magnet% 
«wd together, bear to that of either need alOM. 802. What is meant by tht 
iaoUnatTon or dipping oT the magnet f 
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803. The magnet, when suspended, does not invaria- 
bly point exactly to the north and south points, but varies 
a little towards the east or the west. This variation 
differs at different places, at different seasons, and al 
different times in the day, 

804. The science of magnetism has rendered immense 
advantages to commerce and navigation, by means of 
the mariner's compass. * The mariner's compass con- 
sists of a magnetised bar of steel, called a needle; having 
at its centre a cap fitted to it, which is supported on a 
sharp-pointed pivot fixed in the base of the instrument. 
A circular plate, or card, the circumference of which is 
divided into degrees, is attached to the needle, and 
turns with it. On an inner circle of the card the thirty- 
two points of the mariner's compass are inscribed, f 

805. The needle is generally placed under the card of a mariner's 
oom|Mss, so that it is oat of sight; but small needles, used on land, 
are placed above the card, and the card is permanently fixed to the 
box. 

806. The north pole of a magnet is more powerful in 
the northern hemisphere, or north of the equator, and 
the south pole in the southern parts of the world. 

807. When a piece of iron is brought sufficiently near 
to a magnet, it becomes itself a magnet ; and bars of 

* The invention of the mariner's compass is usually ascribed to Flavio de 
Melfl, or Flavfo Gioia, a Neapolitan, about the year 1302. Some authoritieS| 
however, assert that it was brought Ih>m China, by Marcus Paulns, a Venetian, 
ia 1260. The invention is also claimed both by the French and English. 

The value of this discovery may be estimated from the consideration, that, be- 
Ibre the use of the compass, mariners seldom trusted themselves out of sight of 
land ; they were unable to make long or distant voyages, as they had no means 
to find their way bade. This discovery enabled them to find a way where all 
is trackless, — to conduct their vessels through the mighty ocean, out of the 
sight of land *, and to prosecute those discoveries, and perform those gallant 
deeds which have immortalized the names of Cook, of La Perouse, Vancouver, 
Bir Francis Drake, Nelson, Parry, Franklin, and others. 

t The compass is generally fitted by two sets of axes to an outer box, so that 
It always retains a horizontal position, even when the vessel rolls. When the 
artificial magnet or needle is kept thus freely suspended, so that it may turn 
north or south, the pilot, by looking at its position, can ascertain in what 
direction his vessel is prooiseding {See No. 786) ; and, aithou^ the needle varlea 
• little from a conect polarity, yet this variation ia neither so great, nor so irreg- 
ular, as seriously to impair its use sa a guide to the vessel in its course over tha 
paUiless deep. 

803. Does the magnet, whmi suspended, invariably point exactly to the north 
and south poi^its f 804. What advantage has the science of magnetism render- 
ed to commerce and navigation f Of what does the mariner's compass con- 
sist i Note. To whom is the invention of the mariner's compass usually aih 
cribed f How may the value of this discovery be estimated ? 806. Where aro 
the north and south poles of a magnet the most powerfril f 807. What efltet 
haa a magnet on a piece of iron, when it is toonght nUBclently near to it ? 
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iron, that have stood long in a perpendicular situation, 
are generally found to be magnetical. 

808. Artificial magnets are made by applying one or more power- 
iiil magnets to pieces of* soft iron. The end which is touched by 
the north pole, becomes the south pole of the new magnet, and that 
touched by the south pole, becomes the north pole. The magnet 
which is employed in magnetisin? a steel bar loses none of its 
power by being thus employed ; and as the effect is increased when 
two or more magnets are used, with one magnet a number of ban 
may be magnetised, and then combined togeuer ; . by which means 
their power may be indefinitely increasecL Such an .apparatus is 
called a magnetic magazine. * 

809. A magnetic needle is made by fastening the steel on a piece 
of board, and drawing magnets over it from t^e centre outwards. 

810. A horse-shoe magnet should be kept armed^ by a small piece 
of iron or steel, connecting the two poles. 

811. Interesting experiments may be made by a magnet, even of 
DO great power, with steel or iron filings, smtul needles, pieces of 
ferruginous substances, and black sand, which contains iron. Snch 
substances may be made to assume a variety of amusing forms and 
positions, by moving the magnet vnder the card, paper, or table, on 
which they are placed. Toys, representing fishes, frogs, &c., which 
are made to appear to bite at a hook, birds, floating on the water, 
&c. are constructed on magnetic principles, and sold in the shops. 

* There are many methods of making^ artificial magnets. One of the moat 
simple and effectual consists in pasMing a strong hone-shoe magnet over ban 
of soft iron. 

In making bar (or straight) magnets, the bars most be laid lengthwise, on a 
flat table, with the marked end of one bar against the nnm'ark^ end of the 
next ; and in making horse-shoe magnets, the pieces of steel previously bent 
Into their proper form, mast be laid with their ends in contact, so as to form a 
llgure like two capital U's, with their tops joined together, thus d^, observing 
that the marked ends come opposite to those which are not marked *, and then, 
in either case, a strong horse-shoe magnet is to be passed with moderate press- 
ure over the bars *, taking care to let the marked end of this magnet precede, 
and its unrmarked end follow it ; and to move it constantly over the steel barsi 
so as to enter or commence the process at a mark, and then to' proceed to an 
unmarked end, and enter the next bar at its marked end, and so proceejd. 

After having thus passed over the bars ten or a dozen times on each side, and 
in the same direction, as to the marks, they will be converted into tolerably 
strong and permanent magnets. But if, after having continued the process Ibr 
some time, the exciting magnet be moved even once over the bars in a contrary 
direction, or if its south pole should be permitted to precede, after the nortk 
pole has been first used, all the previously excited magnetism will disappear, 
and the bars. will be found in their original state. 

■■■II ' I I — »^— — « 

808. How are artificial magnets made ? Does the me^et, which is employed 
in magnetising a steel bar, lose any of its power by being thus employed ? What 
Is a magnetic magazine } 809. How is a magnetic needle made f 810. What 
Is aaid with regard to a horse-shoe magnet f How should a horse-shoe magiiet 
bekeptf. ^^^ 
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SECTION XIX. 

Electro - Magnetism. 

8 IS. Electro-Magnetism treats of the combined pow- 
ers of electricity and magnetism. 

813. The pftssage of the two kinds of electricity, (namely, the 
positive and the negative,) through their circuit, is called the eleo- 
trio currents; and the science of electro-magnetism explains the 
phenomena attending those currents 

814. It has already been stated, that from the connecting wiree 
of the galvanic circle, or battery, there is a constant current of elec- 
tricity passing from the zinc to the copper, and from the copper to 
the zinc plates. In the single circle these currents will be negative 
from the zinc, and positive from the copper; but in the compound 
circles, or the battery, the current of positive electricity will flow 
from the zinc to the copper, and the current of negative electricity 
from the copper to the zinc. [See J^ote 3<f, to J^o. 763.] 

815. From the effect produced by electricity, on the magnetic 
needle, it had been conjectured, by a number of eminent philoso- 
phers, that magnetism, or magnetic attraction is in some manner 
caused by electricity. In the year 1819, Professor Oersted of Co- 
penhagen, made the grand discovery of the power of the electric 
current to induce ma^etism ; thus proving tlie connexion between 
magnetism and electricity. 

816. In a short time alter the discovery of Professor Oersted, Mr. 
Farraday discovered that an electrical spark could be taken from a 
magnet; and thus thecotnmon scflirce of magnetism and electricity 
was fully proved. 

In a paper recentfy pilblished, this distinguished philosopher has 
▼ery ably maintained the identity of common electricity, voltaic 
electricity, magnetic electricity, (or electro-magnetism,) thermo- 
electricity, * and animal electricity. The phenomena exhibited in 

* In the year 1822, Professor Seebeck, or Berlin, discovered, that carrenta of 
electricity mijrht t>e produced by the partinl application of hent to a circuit 
compoeed exclusively or aolid conductors. {See GaJvanisniy No. 760.) The elec- 
trical current, thus excited, has been termed, Tk^rmo-eleetrio^ ' Oom the Greek 
Th4grmo»^ which sigoifies heat,) to distinguish it from the common galvanie 
current ; which, as it requires the intervention of a ftuid element, was denom- 
inated a Hydro-^teciric current. The term Stereo-electric current, has also bcea 

812. Of what does electro-magnetism treat i 813. What is the electric cm^ 
rent f What does the science of electro-magnetism explain ? 814. What is the 
difference between the currents in the single and the compound circles f 81&. 
What is it thought causes magnetic attraction f What discovery was made in 
the year 1819 ? By whom i 816. What further discovery was made soon after, 
and by whom f What does this philosopher maintain ? Note. In what way 
may currents of electricity be produced i What Is the electrical current, thus 
excited, termed ? How does this current differ -from the common galvaAiecQr> 
rant i What other term has been applied to (Us ciirreBt i 
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all these five kinds of electricity^ difi^r merely in degree and the 
state of intensity in the action of the fluid. 

The discovery of Professor Oersted has been followed out by 
Ampere ; who, by his mathematical and experimental researches, 
has presented a theory of the science less obnoxious to objectionf 
than that proposed by the Professor. 

817. The principal^acts in connexion with the science 
of* electro-magnetism are, — 

1. That the electrical current, passing uniitUrruptedly* through a 
wire, connecting the two ends of a guvanic battery, produces an 
effect upon /.he magnetic needle. 

2. That electricity will induce magnetism. 

3. That a magnet, or a magnetic magazine, will induce electri- 
city. 

4. That the combined action of electricity and magnetism, as de- 
flcribed in this science, produces a rotatory motion of certain kinds 
of bodies, in a direction pointed out by certain laws. 

5. That the periodical variation of the magnetic needle, from tlM 
true meridian, or, in other words, the variation of the compass is 
caused by the influence of the electric currents. 

6. That the magnetic influence is not confined to iron, steel, &c, 
(Su Magnetism^ Jvb. 793,) but that most metals, and many other 
substances may be converted into temporary magnets by electiioal 
action. 

7. That the magnetic attraction of iron, steel,. &c. may be prodi- 
giously increased by electrical agency. 

applied to the forniMir, in order to mark its being produced in •yBtems formed of 
solid bodies alone. It is evident tliat if, as is supposed in the theory of Ampere, 
magnets owe their peculiar properties to the continual circulation of electric 
currents in their minute parts, these currents will come under the description of 
the stereo-electric currents. 

From the views of electricity which have now been given,' it appears tliat 
there are, strictly speaking, three states of electricity. That derived from the 
common electrical machine is in the highest degree of tension, and accumulates 
imtil it is able to force its way through the air, which is a perfect non-conduc- 
tor. In the galvanic apparatus, the currents have a smaller degree of tension; 
because although they pass freely through the metallic elements, they meet with 
some impediments in traveraing thejZutd conductor. But in the thermo-electric 
currents, the tension is reduced to nothing *, becadse, throughout the whole 
course of the circuit, no impediment exists to its free and uniform circulation. 

* All the effbcts of electricity and galvanism, that have hitherto been describ- 
ed, have been produced on bodira interposed between the extremities of con- 
ductors, proceeding from the positive and negative poles. It was not known, 
until the discoveries of Professor Oersted were made, that any elibct could bo 
produced when the electric circuit is uninterrupted. 

How do the phenomena exhibited in these five kinds of electricity difl^ ? 
Note. To what do magnets owe their peculiar properties f What fbllows ftom. 
this f How many states of electricity are there..' What is said of that derived 
from the common electrical machine ? What is said of that derived from the 
galvanic apparatiis ? What Is said of the thermo-electric currents.' 817. What. 
are the principal (hets in connexion with the scienceof elect)t>-magnetism i 1. 
What is the first f 2. What is the second f S. What is the third ? 4. What is 
the fourth f 6. What is the fifth i 6. What is the sixth f 7. What is die 
seventh f Where have the bodies been supposed to be placed, in an the efbCfP 
of electricity and galvanism tliat have bitherto been dssc^bsd t 
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8. That the dtreetUm of the eleetrie ewrent majr, in all csiM, be 
ascertained.* 

9. That magnetiam is prodaced whenever concentrated electrici- 
ty is passed through space. 

10.. That while in common electrical and magnetic attractions 
and repulsions, thoae of the same name are mutaally repulsive, and 
those of different mimes attract each other ; in the attractions and 
repulsions of deetrie currents f it is precisely the reverse, the repul- 
mon taking place onlv when the wires are so situated that the cur- 
rents are in opposUe ai^eetum. 

818. A metallic wire, forming a part of a voltaic cir- 
cuit, exercises a peculiar attraction towards a magnetic 
needle. • 

Blp. lUustraHcn. If a wire, whichconnects the extremities of 
a. voltaic battery, be brought over, and parallel with a magnetic 
needljB at rest, or with its poles properly directed north and south,, 
that end of the needle next to the negative pole of the battery will 
move toi^ards the west, whether the wire be on one side of the 
needle or the other, provided, only, that it be parallel with it. 

820. 'Affnin : If the connecting wire be lowered on either side of 
the needle, so as to be in the horizontal plane in which the needle 
■honld move, it will not move in that plane, but will have a tenden- 
cy to revolve in a verHcal direction ; in which, however, it will be 
prevented from moving, in consequence of the attraction of the 
earth, and the manner in which it is suspended. When the wire is 
to the east of thie needle, the pole nearest to the negative extremity 
df the battery will be elevated ; and when it is on the west side, 
that pole will be depressed. 

821. If the connecting wire be placed below the plane in which 
the needle moves, and parallel with it, the pole of the needle next 
to the negative end of the wire will move towards the east ; and the 
attractions and repulsions will be the reverse of those observed in 
the former case. ' 

822. The two side^ of an uhmagnetised steel needle 
wiU become endued with the north and south polarity, if 
the needle be placed parallel with the connecting wire 

' * This is done by means of the magnet^; needle. If a sheet of paper be placed 
over a horse-«boe magnet, and fine black rand, or steel filings, be dropped loosely 
on the paper, the particles will be disposed to arrange themselves in a regalaff 
order, and in the direction of curve lines. This is, uDdoubtedly, the effect of 
■ome influence, whether that oC electricity, or of magnetism alone, cannot at 
prownt be determined. 

9. What is the eighth feet in connexion with the science of electro-magnet- 
ism ? 9. What is the ninth i 10. What is the tenth i How can the direction 
of the electric current be ascertained f What Is stated in No. 81 8. 819. MHiat 
lllnstration of this is given' ? 820. What second illastratios is glvea? In what 
direction will the pole of the needle next to the negative end of the wire move, 
if the connecting wire be placed below the plane in which the needle movesy 
and parallel with it i 821. Wliat is said with regard to the attractions and rt- 
pnlsions ? 82^. How may the two sides of an trnmagnetlsed steel needle be- 
soms endued with the north and south polarity I 
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of a voltaic battery, and nearly or quite in contact with 
it. But if the needle be placed at right angles with the 
connecting wire, it will become permanently magnetic ; 
one of its extremities pointing to the north pole and the 
other to the south, when it is freely suspended and suf- 
fered to vibrate undisturbed. 

823. Magnetism may be communicated to iron and 
steel by means of electricity from an electrical machine; 
but the effect can be more conveniently produced by 
means of the voltaic battery. 

824. lUustratian, If a heUx be formed of wire, and a bar of steel 
be incloeed within the helix, the bar will immediately become mag- 
netic by applying the conducting wires of the battery to the extrem- 
ities of the helix. * The electricity from the common electrical 
machine, when passed through the helix, will produce the lame 
cfl^t. 

If such a helix be so placed that it may move freely, as when 
made to float on a basin of water, it will be attracted and repelled 
by the opposite poles of a common magnet. 

825. If a magnetic needle be surrounded by coiled 
wire, covered with silk, a very minute portion of elec- 
tricity through the wire will cause the needle to deviate 
from its proper direction. 

826. A needle thus prepared, is called an electro-magnetic multi- 
plier. It is, in fact, a very delicate electroscope, or rather gtdvamr' 
ometeTf — capable of pointing out the direction of the electric cur* 
rent in all cases. 

827. The discovery of Oersted was limited to the action of the 
electric current on needles previously mametised ; it was afterwards 
ascertained by Sir Humphrey Davy, and M. Arago, that masnel- 
ism may be developed in steel, not previously possessing it, if the 
steel be placed in the electric current. Both of these philosopfaen, 
independently of each other, ascertained that the uniting wire, 
becoming a magnet, attracts iron filings, and collects sufficient to 
acquire tne diameter of a common quill; but the moment the con- 

* The htlix if a Bpinit line, or a line in the form of n cork-terew. The wire 
which forms the helix should be coated with lome non-conducting substance, 
each as silk wound around it i as it may then be formed into close coila, withoot 
tuffbring the electric fluids to pass from surlhoe to sur&ce, which would impair 
Its efitet. 

Under what circumstances will it become permanently magnetic f 823. How 
can magnetism be communicated to iron and steel f How can the eflfect be mere 
conveniently produced f 824. What illustration ofthis is givenf iVofe. VnM, is 
the helix ? Why should the wire, which forms the helix be coated with aosM 
noD'Conducting substance ? What Is said of a helix, if it be placed so that it may 
move freely i 825. How can the magnetic needle be made to deviate from its 
proper direction? 828. What is a needle thus prepared called ? 827. Can mag- 
netism be developed in steel not previously possessing it f Where must the steel 
be placed ? What property has the naiting wire ? 
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mxHHi i»broktB, Oi the fiUngs drop off} and te mttnotion dlain^ 
iahM with the deeayinge energy of the pile. Filings of brww, or 
oopper, or wood ahaviUgs, are not attracted at all. 

828. Amohff the vtko&t remarkable of the facts coti- 
Bocted with the science of electro-magnetism, is what 
IB called the electro-masneiic rotation. Any wire, 
through which a current of electricity is passing, has a 
tendency to revolve round a magnetic pole, in a plane 
perpendicular to the current ; and that without refer- 
ence to the axis of the magnet, the pole of which is 
used. In Rke manner, a magnetic pole has a tendency 

to revolve round such a wire. ' ^ . 

829. lUuttraiioti. Suppoiae the wire perpendicular, Its upper end 
poeitive, or attached to the positive pole of the voltaic battery, and 
Its lower end negative ; and let. the cenjie of a watch-dial represent 
the magnetic poR: if it be a north pole, the wire will roUte round 
it, in the direction that the hands move; if it be a south pole, the 
motion will be in the opposite direction. From these two, the mo- 
tions whidi would take place if the wire were inverted, or the pde 
changed, or made to move, may be readily ascertained, since the 
relation now pointed out remains constant. 

830. Fig. 131 represents the ingenious apparatus, invented by 
M. Faraday, to illustrate the electro-miignetic rotation. The cen- 
tral pillar supports a 

piece of thick cop- . ^' ^^** 

per wire, which, on 

the one side, dips 

into the mercury 

contained in a smau 

glass cup 4S. To a 

pin at thie bottom of 

this cup, a small 

cyiindrical magnet 

is attached by a piece 

of thread, so that one 

pole shall rise a little 

above the surface o£ 

the mercury, and be 

at liberty to move 

aronnd the wire. 

The bottom of the 

cup is perforated, and has a copper pin passing through it,- which, 

touching tbe mercury on the inside, is also in contact with the wire 

that proceeds outwards, on that side of the instrument On Uie 

other side of the. instrument, 6, the thick copper wire, soon afler 

turning down, terminates, but a thinner piece of wire forms a com- 

What followt, if the connexion be broken? Are fllinga of brsas or wood 
•ttracted at all I 828.- What is the electro-magnetic rotation f 839. What 
fllastraUon is stven? 89a. What does Fig. 131 represent f Explain the 
flffore. 

15 
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Fig. 132. 



■HwintMHi fcvtweea it and the mereiuy on the cop beneath. Ai 
fteedom of motion is regarded in the wire, it is made to commoni- 
cate with the former bjr a ball and socket joint, the ball being held 
in the socket by a piece of thread; or else the ends are bent into 
hooks, and the one is tlien hooked to the other. As good metallic 
oonlaet is leqoiied, the parts should be amalgamated, and a small 
drop of mercury placed between them : the lower ends of the wire 
ahould also be amalgamated. Beneath the hanging wire, a small 
circular magnet is fixed in the socket of the cup 6, so that one of 
its poles is a little above the mercury. As in the former cup, a me- 
tallic connexion is made through the bottom, from the mercury to 
the external wire. 

If now the poles of a battery be connected with the horiaontal 
external wires, e «, the current of electricity will be through the 
mercury and the horizontal wire, on the pillar which connects them, 
and it will now be found, that the movable part of the wire will 
rotate around the magneUc pole in the cup b, and the ma^etic pole 
round the fixed wire in the other cup a, in the direction before 
mentioned. 

By using a very delicate apparatus, the magnetic pole of the 
earth may oe made to put the wire in motion. 

831. Fig, 122 represents another ingenious con- 
trivance, invented by M. Ampere, for illustrating 
the electro«magnetic rotation ; and it has the ad- 
Tantage of comprising within itself the voltaic com- 
bination which is employed. It consists of a cyl- 
inder of copper, about two inches high, and a little 
less than two inches internal diameter, within 
which is a small cylinder, about one inch in diam- 
eter. The two cylinders are fixed together by a 
bottom, having a hole in its centre, the size of the 
smaller cylinder, leaving a circular cell, which 
may be filled with acid. A piece of strong copper 
wire is fastened across the top of the inner cylinder, 
and from the middle of it rises, at a right angle, a 
piece of copper wire, supporting a very small metal 
cup, containing a few globules of mercury. A cyl- 
inoer of zinc, open at each end, and about an inch and a quarter in 
diameter, completes the voltaic combination. To the latter cylinder 
a wire, bent like an inverted U, is soldered, at opposite sides : and 
in Uie bend of this wire a metallic point is fixed, which, when 
inserted in the little cup of mercury, suspends the zinc cylinder in 
the cell, and allows it a free circular motion. An additional point 
is directed downwards from the central part of the stronger wire, 
which point is adapted to a small hole at the top of a powerful bar 
magnet. When the apparatus with one point only is charged with 
diluted acid, and set on the magnet placed vertically, the zinc cyl- 

How la the flreedom of mntioo, which is required on the wire, obtained f 
How can the metallic contact which is required be obtained f If the poles ofs 
battery be connected with the horisontal external wires, e c, throughout, what 
direction will iJie current of electricity tnke f Round what pole will the moTsble 
Mrt of »'»«j;«[,»'y '»*«• f Round what will the magnetic pole rotats? 831. 
What does Fig' lS2repreMDtf Of what doesit comStf •»*f •«.. 
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inder lev^lves in a direetkm determined by the macnetie pofe 
which 18 uppermost. With two points, the copper revonres in one 
direction, and the zinc in a contrary direction. 

832. If, instead of a bar magnet, a horse-shoe magnet be employ* 
ed, with an apparatus on each pole, similar to that which has now 
been described, the cylindere in each will revolve in opposite dired** 
tions. The small cups of merciv y mentioned in the preceding de* 
ecription are sometimes omitted, and the points are inserted in an 
indentation on the inverted U. ^ 

833. Magnets of prodigious power have been formed 
by means of voltaic electricity. 

834. An electro-magnet was constructed by Professor Henry 
and ,Dr. Ten Eyck, which was capable of supporting a weight 
of 750 pounds. They have subsequently constructed another, 
which will sustain 2063 pounds. It consists of a bar of soft 
iron, bent into the form of a horse-shoe, and wound with twenty-six 
strands of copper bell-wire, covered with cotton threads, each thirty- 
one feet long ; about eighteen inches of the ends are left projecting, 
so that only twenty-eight feet of each actually surround the iron. 
The aggregate length of the coils is therefore 728 feet. Each 
strand is wound on a little less than ad inch: in the middle of the 
horse-shoe it forms three thicknesses of wire ; and on the ends, or 
near the poles, it is wound so as to form six thicknesses. Being 
connected with a battery consisting of plates, containing a little less 
than forty -eight square feet of surface, the magnet supported the 
prodigious weight stated above, namely, 2063 pounds. The efiecta 
of a larger battery were not tried. 

835. It is seen, by what has just been stated, that 
magnetism, of great power, is induced by electricity. 
It remains now to be stated that electricity, of consid- 
erable power, can be elicited from a magnet. 

836. This discovery was made (as has already been stated) by 
M. Faraday. The experiment may be made in the following man- 
ner : Twelve sheer steel plates are to be connected in the form 
of a horse-shoe, with a keeper or lifler made of the purest soft iron. 
Around the middle of the keeper is a wooden winder, having about 
a hundred yards of common thread bonnet wire, the two ends com- 
posed of four lengths of the wire twisted together, being carved out 
with a vertical curve of about three fourths of a circle ; one of these 
twisted ends passing beyond each end of the keeper, and resting on 
the respective poles of the magnet. A small wooden lever is so 
fixed as to admit of the winder and the keeper being suddenly sep- 

How will the cylinders in each revolye, if, instead of a bar magnet, a horse- 
shoe magnet be employed, with an apparaias on each pole similu* to that 
which bus now been described f 833. How have magnets of great power been 
formed f 834. What weight was the magnet constructed by Professor Henry 
asd l)r. Ten Eyck capable of supporting } What weight will the one after* 
wards constructed sustain f Of what does it consist f 835. By what is mag- 
netism of great power induced f From what can electricity of considerable 
power be elicited f 836. By Whom was this discovery made i How can 
tiie experiment be madef 
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anted htrnt ooKntaet with the mupMt, when a beautifiil and brilfiaiit 
■park is peroeived to imwie from the extremity of the wire whiah 
nrat becomes separated from the ma^neL B v means o$ this electro* 
■unetic spark, ffiifipowder may be inflsmetT* 

The science of eiectro-ma|pMtism is yet in its infancy. The dis- 
eeveries which have rewarded the labors of philosophical research 
aie truly wonderfal ; but man has as yet but lifWd tne veil) behind 
whieh tne stupendous opemtions of nature are ciirried on. What 
wonders he will discoyer, should he penetrate the jecesses of her 
laiioratory, imsgination cannot conceive. It would have iezcited no 
little surprise, among; the philosophers of the last cen.tuxy, had the 
opinion been advanced, that electricity and magnetism are identical. 
Fsrhaps the ftiture philosopher may surprise a generation not very 
distant, by the annunciation o£ the discovery, tiiat attraction and 
lepnlsion of all kinds^ are to be traced to a common source, — that 
the same influence which binds the particles of a grain of sand to- 
f^ier, ts seen in the vivid flash which causes the "lit lake to 
shine ; " or kaard in the " live thunder,*'- as it leaps from peak to 
peak ; or known in the unerring guide which it furnishes the mari- 
ner in his course over the trackless deep ; and admired in the nuuie 
of the spheres, as- they kdrmonUmdy roll jn grand and magnetib 
course, in the immeasurable regions of infinite space. 

* ▲ maffiieCo^lectrlca] maehine has been constructed by Mr. J. Saxton, an 
tSfsnious mechanic of Philadelphia, resident in London. A similar apparatns 
has been made by Mr. J. Lukens, of Philadelphia, in a very neat and portable 
form, and it serves to demonstrate the nature of the reaction between magnets 
and electrical currents. Messrs. A. 4b D. Davis, df this city,- have lately ooa 
structed an apparatus of the same iLind,for Br. Webster, Pr.ofi9ssor of Chemis 
try in Harvard University. 

Br. Ritchie, Professor of Natural Philosophy in the University of London, has 
succeeded in an attempt to cause the continued rotation of a temporary macnet 
on its centre, by the action of permanent magnets. This effbct is produced by 
•addenly changing the poles of the temporary magnel, and thus, at the proper 
moment, converting attraction into repulsion* 

Professor Henry, of Princeton, New Jersey, has constructed an apparato^ fer 
exhibiting, in a temptMrary magnet, a reciprocating motion. The soft Iron nuig- 
net, with its coils of wire, is suspended like the beam of a steam engine, on an 
axis, and furnished with projecting wires, which dip into mercurial cups, oon- 
■soked with a voltaic battery at each end of the apparatus. The wires are so 
afcaaged as to change the poles of the soft magnet at every alternation in the 
movement. Each end of the soft iron bar plays between the poles of a per^ia- 
dent magnet, curved into an elliptical form ; and as it dips into the. mercurial 
cop below, its polaritv is changed, and it is repelled. A vigorous action is thus 
kept up, which is limited only by the durability of the materials in the galvanic 
eiienlt, and their power of ftirnishing a supply of electricity. 

• : i' » . ' • . 

ifele. Who has succeeded in an attempt to cause the eoaitinued roCatios of a 
tampocary aufnet? How is thia effect produced ^ 
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SECTION XX. 

•Astronomy,* 

837. Astronomy treats of the heavenly bodies, such 
as the sun, moon, stars, comets, planets, &c. 

838. The earth on which we live is a large globe, or ball, nearly 
eight thousand miles in diameter, and about twenty-five thousand 
mites in circumference. It is known to be Toundy— firsts because it 
casts a circular shadow, which is seen on the moon, during an 
eclipse ; secondly , because the upper parts of distant objects on its 
mimce can be seen at the greatest distance ; thvrdiy, it has been 
eircumnayigated. It is situated in the midst of the heavenly bodies, 
which we see around us at night, and forms one of the number of 
those bodies ; and i/t belongs to that system, which, having the sun 
for its centre, and being influenced by its attraction, is called the 
so2art system. 

839. The solar system consists of the sun, which is in 
the centre ; 

Of seven primary planets, named Mercury, Venus, 
the Earth, Mars, Jupiter, Saturn, and Herschel ;t 

Of four Asteroids, or smaller planets, namely, Ceres, 
Pallas, Juno, and Vesta ; 

Of eighteen secondary planets or moons, of virhich 
the Earth has one, Jupiter four, Saturn seven, and 
Herschel six ; and 

Of an unknown number of comets. 

840. The stars, which we see in the night time, are supposed to 
be suns, surrounded by systems of planets, &c. too distant to be 
seen from the earth. Although they appear so numerous on a 

* It is proper here to remark, that many of the branches of Nataral Philoao* 
phy require in the student an intimate acquaintance with the principles of 
tnaihematieal science. This is particularly the case with astronomy. As 
this book is designed for those who have tnade little progress In the math- 
emiatlcs, the following treatise on astronomy contains those fkcts and prin- 
ciples only of the science which are intelligible, without the aid of matii»- 
matical light. 

t The word aolar means belonging to the sun. 

t This planet is sometimes called Uranus, and sometime* the Oeorgfua 
Sidus. 

- - I *■ ■ " 

837. Of what does astronomy treat f 838. What is said of the earth ? 
How is the «arth known to be round f How is it situated f 8S9. Of what 
does the solar system consist f 840. What are the stars supposed to be f 
How many are visible on a bright night, imaasisted by glasses i 

15* 
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bfight nighiy jet theie are never more than a thonsand Tisibleto 
the sight, unaesisted by glasses. 

841. Among the stars that are visible on a clear ni^ht maVbe 
■een a number which are called pLaneta^ * {mewd(med xn'J^Q. 839.) 
The planets may be distinguished from the stars by their sfea^ 
li|^t; while the stars are constantly tmnkUn^. The planets, like- 
wise, appear to change their relative places in the heavens, while 
those luminous bodies which are called fxed stars appear to pre- 
•erve the same relative position. 

842. The sun, the moon, the planets, and the fixed stars, whidi 
appear to us so small, are supposed to be large worlds, of varion 
■lies, and at diflferent but immense distances trom us. The reamn 
that they appear to us so small is, that on account of their immenae 
diatanoes tiie y are seen under a small angle of vision. [^ Mo, 
558.] 

643. It has been stated in the first part of this book, {Su Jfo§» 
54, 55 oMd 56,) that tvery portion of maUer is attracted by every 
other portion, — and that the force of the attraction depends upon 
the fumUity and the distance. As attraction is mutwdj we find that 
all of the heavenly bodies attract the earth; Aid the earth, like- 
wise, attracts all of the heavenly bodies. It has been proved, (u§ 
Jfos, 158 and 157,) that a body when actuated by several forces will 
not obe^ eitker one, but will move in a direction hettceen them. It 
m so with the heavenly bodies, — each one of them is attracted by 
evei^r other one ; and these attractions are so nicely balanced by 
ereative wisdom, that, instead of rushing together in one mass, they 
are caused to move in regular paths, (called orbits^ around a central, 
bodj; which being attracted m different directions, bv the bodies 
which revolve around it, will itself revolve around the centre of 
gravity of the system. Thus, the sun is the centre of what is called 
Die sAar system, {tee No. 839,) and the planets revolve around it 
in different times, at different distances, and l^ith different veloci 
ties. [SseJVb. 93.] 

844. The paths or courses in which the. planets moye 

around the sun are called their orbits. 

915. In obedience to the universal law of gravitation, or gravity, 
the jplanets revolve around the sun as the centre of their system ; 

* Tlie meaning of tbe word planet la properly a wanderer^ or a wanderittg 
Har* Theae laminaries were ao called because they never jetain the aanie altiip 
aclon, bat are constantly changing their Belailve positions ; while thoae atara 
which appear to retain their places are called JJted atara. The cauae of tbm 
motion of the planets will be preaently explained. 
■ ■■■ I ■ ■ ' .1.1 

S41. How may the plaoeta be distingnlshed from the stars ? How are the 
planets distinguished flrom the^«ed stars f Note. What is the meaning of the 
word planet i Why are they called planets i What are the fixed stars i HSL 
What are the sun, moon, planets, and fixed stars supposed to be ? Why do 
they appear so small ? 843. What has been stated with regard to the attrac- 
Uou of portions of matter f Upon what force does this attraction depend f 
What follows from attraction being mutual ? What direction do bodies take 
when actuated by several forces? Is this. true with regard to the beaTenly 
hodiea i What is the centre of the solar system f What is said of the reTol»> 
tton of the planets * 844. What are the paths, in which the planeu move 
around the sun, called i 846. AcouimI what do the planets revolve i 
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uul the tioEie that each one takes to perform an entire levoltttion ie 
called iti jear. Thus, the planet Mercury revolves abound the sun 
in 87 of our dajs. Hence, a year on that planet is equal to 87 days. 
The planet Venoa revolves around the sun in 3dl days. That ii, 
thernbre, the lenjgrth of the year of that planet. Our earth revolves 
around the tun in about 365 days and 6 hours. Our year, there- 
lore, is of that length. 

846. The length of time that each planet takes in 
perfonning its revolution iaround the sun, or, in other 
words, the length of the year on each planet, is as ibl- 
lowis. ( The fractional parts cf the day are omitted,) 

Days. D«ra. Dajt. 

Mercury 87 Vesta 1,325 Jupiter 4,333 

Venus 224 Juno 1^92 Saturn 10,759 

Earth 365 Ceres 1,681 Hersehel 30,686 

Man - 686 Pallas 1,686 

847. The mean distance *" of each of the planets from 
tbe sun IS expressed as follows, in millions of miles. 

Million*. Millions. Milli«n*. 

Mercury 36 VesU 225 Jupiter 495 

Venus . 68 Juno 254 Saturn 908 

Tlie£arth 95 Ceres 263 Hersehel 1,827 

Mara 145 Pallas 264 

848. While the planets revolve around the sun, each 
also turns around upon its own axis, and thus presents 
each side successively to the sun. 

849. .The time in which they turn upon their axes is called their 
day j and is thus expressed in hours and minutes: 

H. M. ( B. . H. M. 

Mercury 24 5 Vesta (vnknoiDn) Jupiter 9 55 
Venus 23 20 Juno 27 (probably.) Saturn 10 16 
Earth 23 56 Ceres .(unJcnoton.y Hersehel (tinibiotmt.) 
Man 24 39 Pallas (unknown.) 
The Sun turns on its axis in about 25 days and 10 hours. 

* T^e pstlM or brblta of the planeta sre not exactly circalar, but elltttticsl. 
They- are, thereTore, ■ometlmes nearer to the sun than at others. The mean 
diatance is the medium, between their greatest and ieaat distance. Those plan- 
eta which are hearer to the sun than .the earth is, are called inflerior planets, 
because their orbits are within that of the earth, — and those which are fhrther 
ftom tiie aun are called superior planets, because their orbits are outside that of 
the earth. 

What is a year on each planet .' How long is the year of the planet Mer- 
cury f How long Is the -planet Venus perfbrming her revolution around the 
■an? How long is the Earth in performing her revolution around the Sun f 
846. What is the length of the year on the planet Mercury t Venus ? Earth f 
Marsf Vesta f Juno? Ceres? Pallas? Jupiter? Saturn? Hersehel? 
Note. Of what form are the orbiu of the planeu ? What is meant by the mean 
distance? What planeu are called inferior ? Why ? What planets are called 
sapearior ? Why ? 847. What is the distance of the planet Mercury from the 
Sun? Venus? Earth? Mars? Vesta? Juno? Geres? Pallas? Jupiter? 
Saturn ? Hersehel ? 848. Have the planets any motion beside ttuit around the 
son ? 849. What is the time in which they turn upon their axes called ? What 
Is the length of a day on the planet Mercury ? Venus ? Earth? Man ? Vesta? 
Juno? Ceres? Pallas? Jupiter^ Saturn? Hersehel? 
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850. The relative size of the bodies belonging to the 
solar sjstem, as expressed by the length of their diame* 
ters, is as follows : 



The Sun 
Mercury 
Venue 
Earth 
The Moon 



MilM. 

877^7 


Man 


MflM. 

4,222 


2,964 


VesU 


269 


7,621 


Juno 


1,393 


7,924 


Ceres 


1,5R2 


2,180 







Mile*. 

Pallas 2,025 

Jupiter 86,255 

Saturn 81,954 

Herschel 34,363 



851. Fiff. 133 is a representation of the comparative size of the 
planets. The following illustration of the comparative size and 



Fig. iss. 
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T^nus JSarih, 
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distance of the bodies of the solar system is given by Sir J. F. W. 
Herschel. On a well levelled field place a globe, two feet in diam- 
eter, to represent the Sun \ Mercury will be represented bjr a grain 
of mustard seed on the circumference of a circle 164 feet in diam- 
eter for its orbit ; — Venus, a pea, on a circle 284 feet in-diameter ; 
the Earth, also a pea, on a circle of 430 feet ; Mars, a rather large 
pin's head, on a circle of 654 feet ; Juno, Ceres, Vesta and Pallas, 
grains of sand, in orbits of from 1000 to 1200 feet ; Jupiter, a mod- 
erate sized orange, in a circle nearly half a mile in diameter ; — 
Saturn, a small orange, on a circle of four fifths of a mile in diam- 
eter, and Herschel a full-sized cherry or small plum, upon the cir- 
cumference of a circle more than a mile and a half in diameter. 

" To imitate the motions of the planets in the above mentioned 
orbits. Mercury must describe its own diameter in 41 seconds ; Ve- 
nus in 4 minutes and 14 seconds, the Earth in 7 minutes. Mars in 4* 
minutes and 48 seconds, Jupiter In 2 hours 56 minutes, Saturn in 3 
hours 13 minutes, and Herschel 12 hours 16 minutes." 

850. What is tbe diameter of the Sun ? Mercury ? Venua ? Earth i Biars f 
Veetaf Juno? Ceres? Pallas? Jupiter? Saturn? Herschel? The Mood ? 
161. What does Fig. 133 represent ? What illustration of the comparatire sias 
and distance of the bodies of the solar system is given ? What is necessary in 
order to imitate the motions of the planets in the above mentioned orbits i 
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,852. TheeeKpticiB thei apparent path of the SQtt, or 

the real path of the earth. . \. . 

It w called the ecliptic, becaoae every edipMBf whether of the mm 
erthe moon, must be upon it. • . 

85S. The zodiao i» a space or belt, 16 degrees broad/ 
8 degrees each side of the ecliptic. 

854. It is called the zotUae, from a Greek word/ which ngnifiet 
an mumal, because all the stars in the twelve parts into which the 
ancients divided it} were formed into constellations, and most of 
the twelve constellations were called ailer some animal.* 

The* zodiac is divided into twelve si^ns, each sign containing 
thirty degrees of the great celestial circle.t The names of these 
signs are sometimes given in Latin, and sometimes in English. 
They are as follows ; . 

Latin. Vncllsh. Latin. Englidi. 

1 Aries, The Ram. 7 Libra, The Balance. 

8 Taurus, The Bull. 8 Scorpio, The Scorpion. 

3 Gemini, The Twins. 9 Sagittarius, The Archer. 

4 Cancer, The Crab. 10 Capricornus, The Goat. 

6 Leo, The Lion. 11 A<inarius, The Water-bearer. 

6 Virgo, The Virgin. 13 Pisces, The Fishes. 

855. The orbits of the other planets are inclined to 
that of the earth ; or, in other words, they are not in 
the same plane. 

* Sir J. F. W. Herackel, in his excellent creatiw on Astronomy, lays t ** Un- 
eooth flfurea and outlines of men and moqstera, are osaally scribbled over 
celestial globes and maps, and senre, in a rode and barbarons way, to enable ua 
to talk of grottpe of stars, or districts in the heavens, by names which, thoagh ab- 
sprd or puerile in their origin, have obtained a currency, from which it would -be 
difllcalt, and perhaps wnong, to dislindge them. In so for as they have' really 
(■a some have) any slight resemblance to the dgures called up In imagination by 
a view of the more splendid * constelliuions.' they have a certain convenience } 
bat as they are otherwise entirely arbitrary, and correspond to no natural sub- 
dirisions or groupings of the stars, astronomers treat them lightly, or altogether 
disregard them, except Ibr briefly naming remarkable stars ; as * Jlpha Leoni$,* 
' BttdSeorpH^ Ac, by letters of the Greek alphabet attached to them. 

'*This disregard is neither supercilious nor causeless. The constellations seem 
to have been almost purposely named and delineated to canse as much confli. 
■Ion and inconvenience as possible. Innumerable snakes twine through long 
and contorted areas of the heavens^ where no. memory can (bilow them ; bears, . 
Uon^ and fishes, largo and small, northern and southern, cbnUtse all nomencia* 
tare, Ac A better system of consieUations might have been a material help as 
an artificial memory.** 

t Owing to. the precession of the equinoxes, the stars which vrare formerly ia 
tika sign called Aries, are now in the one caUed Taorua, Ac 



8A2. What Is the eoliptlc > Why is it called the ecliptic ? 35S. What is the 
■odiac ? 864. Why is it called the xodiae ? What are the names of the twelve 
constellations.' How many degrees does each sign contain? 855. Are the 
Mtiuof tlie other planets in the same plane with that of the earth f 
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B66. nff.lStnpRwtiUuiMiqQeTiewoftlwplueoftlMed^ 
tio, the omti oTmll the prinwi; pliiDeU,uid of the comet of IBaK 

Plf. 134. 



Thrt put of esch orbil which it abore the pluie ii shown bj « 
while line ; that which ii below it, by a duk line. Tbat put of 
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the orbit of each pUnet where it oroMes the eol^»tiC| or, in other 
words, where the white and dark lines in the figure meet, are called 
the nodes of the planet. [From the Latin nodflUf a knot or tie.] 

857. Fig. 135 represents a section of the plane of F**- 13*« 
the ecliptto, showing the incUnation of the orbits of 
the planets. As H^ zodiac extends only eight de- 
crees on each side of the ecliptic, it appears from the 
figure that the orbits of some of the planets are whol- 
ly in the zodiac, while those of others rise above 
and descend below it. Thus, the orbits of Juno, Ce- 
res, and Pallas rise aboye, while those of all the oth- 
er planets are confined to the zodiac. 

&8. When a planet or heavenly body is in that part 
of its orbit which appears to be near any particular 
constellation, it is said to be in that constellation. 
Thus, in Fig. 134, the comet of 1680 appears to ap- 
proach the sun firom the constellation Leo. 

859. The perihelion''^ and aphelion "* of 
a heavenly body express its situation with 
regard to the sun. When a body is nearest 
to the sun, it is said to be in its perihelion. 
When farthest from the sun, it is said to be 
in its aphelion. [See note to JSo. 847.] 

The earth is three millions of miles nearer to the 
san in its perihelion, than in its aphelion. 

860. The apogee * and perigee ^ of a heav- 
enly body express its situation with regard 
to the earth. When the body is nearest to 
the earth, it is said to be in its perigee ; 
when it is farthest from the earth, it is said 
to be in its apogee. 

* The plural of Perihelion is Ferikeliot and of Aphelion is 
jipheHa, When a planet is so nearly on a line with the earth 
and the sun aa to paas between them, it is said to be in its ii\fe- 
riar conjunction ; when behind the sun, it is said to be in its 
superior conjunction } but when behind the earth, it is said to 
be in oppotiHon, The words perikeiion, apheUon, apogee and 
perigee^ are derived from the Greek language, and have the 
Ibllowing meaning : 

' Perihelion, near the sun. 

Aphelion, /rofn the sun. 
Perigee, near the earth. 
Apogee, from the earth. 

SfiS. What does Fig. 134 represent .' What are die nodes of a planet ? 857. 
What does Fig. 135 represent ? 858. When is a planet said to be In any par- 
ticular constellation ? 859. What do the perihelicm and aphelion of a heavenly 
body express f When is a body said to be in its perihelion f When is a body 
said to be in its aphelion ? How much nearer is Uie earth to the sun in its peri- 
helion than its aphelion ? Note, When is a planet said to be in its inferior con- 
junction ? When is it said to be in its superior conjunction ? When is it said 
to be in opposition ? 860. What do the apogee and perigee of a heavenly body 
express ? When is a body said to be in iu perigee ? When Is it said to be in 
lu apogee ? 
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861. The perihelia of the planets, or parts of their or- 
bits in which they are nearest to the sun (see noU to JVb. 
847) are in tl^e following signs of the zodiac : — Mercu- 
ry in Sagittariw, : — Venus in JiquariuSf — the Earth in 
UapHcomtw, — Mars in Ftrjpo, ^- Vesta in Cancer, ^^ 
Juno in Scarpioj — Ceres in PUces, — Pallas in JiqitO' 
riwy *- Jupiter in libra, — Saturn in CaprtcormMy -^ 
and the Greorgium Sidus in Anet, * 

862. The axes of the planets in their revolution 
around the sun, are not perpendicular to their orbits, 
nor to the plane of the ecliptic, but are inclined in differ- 
ent degrees. [iSee Abu. 868 and 871.] 

This is one of the mofft remarkable circumstances in the science 
of Astronomy, because it is the cause of the diflferent seasons, spring, 
summer, autumn, and- winter ; and because it is also the cause or 
the difference in the length of the days and nights in the diffinent 
parts of the world,^and at the different seasons of the year. 

863. ' The motion of the heavenly bodies is not uni- 
form. Their velocity is different in different parts of 
their orbits. They move with the greatest velocity when 
they are in perihelion, or in that part of their orbit 
which i$ nearest to the sun ; and slowest when in aphe^ 
Uon. 

864. It has been proved by Kepler that when a body moves around 
a point to which it is attracted, a line t drawn from the point to the 

* Hie tigiiii of the Zodiac and the varioiM bodies of the Solar aystem, are of- 
ten represented in almauacs and astronomical works, by signs or characten 
la the following list the charscters of the planets, &c. are repreaented. 

© The Sun. The £arth. $ Ceres. 

<C The Moon. ^ Mars. ^ Pallas. 

Mercury. jKt Vesta. 3^ Jupiter. 

2 Venus. Q Juno. >i Saturn. 

J^ Herschel. 

Hie fbllowing characten represent the signa of the Zodiac 
*||^ Aries. 2S Cancer. ^ Libra. )>) Capricomos. 

^ Taurus. SI ^^^- ^ Scorpio. uss Aquarius, 

a Gemini. Vjl Virgo. t Sagittarius, y^ Pisces. 

From an inspection of the figure, It appears, that when the earth, as seen flrom 
Che son, is in any particular constellation, the sun, as viewed from the earth, will 
appear lu the opposite one. 

t This line is called the rsdiiM veefor. 

861. In what signlstliQ perihelioirol' the planet Mercury? Venus? Earth? Mara? 
Vesta ? Juno ? Ceres ? Pallas ? Jupiter ? Saturn ? Oeorgium Sidus ? 862. What 
la said- with rej^ard to the axes of the planets in their revolution around the son? 
What does this inclination of their axes cause ? hSS. What is said with regard 
to the motion of the heavenly i^odies ? Wlien do they move with the greau 
velocity ? When is their motion the slowest ? 864. What is Kepler's law } 
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body pusef over equal areas in equal times. This is called Kep- 
ler's law. 

865. lUustrtUian, In Fig. 136, let S represent the Sun, and £ the 
Earth, and the ellipsei or oval, be the earth's orbit, or path around 
tiie sun. By lines drawn 

firom the sun at S to the Fig. 136. 

outer edge of the figure, 
the orbit is divided into 
twelve areas (or parts) of 
different shapes, but each 
containing the same 
quantity of space. Thus, 
tiie spaces E S A, A S B, 
D S F, &c.f are all sup- 
posed to be equal. Now 
if the earth, in the space 
of one month, wiil move 
in its orbit from £ to A, 
it will, in another month, 
move from A to B, and 
in the third month from 
B to C, &c., and thus 
will describe (or rather 
more properly speaking, 
p{iS3 by) equal areas m 
equal times. 

The reason why the 
earth (or any other heav- 
enly body) moves with a 

greater degree of velocity in its perihelion, than in its aphelion, may 
Skewise be explained by the same figure. Thus, — 

The earth j in its progress from F to L, being constantly actuated 
by the sun's attraction, must, (as is the case with a stone when 
falling to the earth,) (see JVb. 129,) move with an accelerated mo* 
tion. At L, the sun's attraction becomes stronger, on account of 
the nearness of the earth ; and, consequently, in its motion from I* 
to £y the earth will move with greater rapidity. At £, which if 
the perihelion of the earth, it acquires its greatest velocity. Let u9 
now detain it at £, merely to consider the direction of the forces by 
which it is actuated. If the sun's attraction could be destroyed, the 
force which has carried it from L to E, would carry it on in the 
dotted line from £ to G, which is a tangent to its orbit. But while 
the earth has this tendency to move towards G, the sun's attraction 
10 continualljr operating with a tendency to carry it to S. Now, 
when a body is actuated by two forces, ^e JVb. 152,) it will move 
between them; but as the sun's attraction is constantly exerted, 
direction of the earth's motion will not be in a straight line, the 
difligonal of one large parallelogram, but through the diagonal of a 
nqimber of infinitely small parallelograms ; which, being united , 

the curve line £ A. 

, ■ , ■ I 

865. niostnite this by Fig. 186. Explain, by Fig. 196, the reason why the 
rth, or any other heavenly body, moYes with a greater degree of velocity in 
pcorihelion than in iti aphelion. 

16 
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It is thus seen, that, while tbd earth is moving from L to £, the 
Attraction of the sun is stronger than in any qtner part of its orbit, 
and will cause the earth to move rapidly. But in its motion from 
£ to A| from A to B, from B to C, and from C to F, the atd^ction 
of the sun, operating in an opposite direction, will cause its motion 
from the sun to be retarded, until, at F, the direction of its motion is 
reversed, and it begins again to approach the sun. Thus, it appears 
that, in its passage from the perihelion to the aphelion, t)M motHm 
of the earth, as well as that of all the heavenly bodies, must be con- 
stantly retarded ; while, in moving from their aphelion to perihelion, 
it is constantly accelerated ; and at tlieir perihelion, their veloci^ 
will be the greatest. The earth, therefore, is about seven. days 
longer in performing the aphelion part of its orbit, than in travers- 
ing the perihelion part ; and the revolution of all the other planets 
being the result of the same cause, is affected in the same manner 
as that of the earth. 

866. The earth is about three millions of miles nearer 
to the sun in winter thaii in summer. 

867. The heat of summer, therefore/ cannot be caused by the 
near approach of the earth to the sun. 

Snow and ice never melt on the tops of high mountains ; and 
they who have ascended in the atmosphere, in balloons, have foand 
that the cold increases as they rise. 

868. On account of the iiiclination of the earth's 
axis, {see J^o. 862,) the rays of the sun fall more or less 
obliquely on different parts of the earth's surface,, at dif- 
ferent seasons of the year. The heat is always the 
greatest' when the sun's rays fall teiriicaibj^ that is, per- 
pendicularly ; and the more obliquely they fall, the less 
heat they appear to possess . 

This is the reason why .the days lure hottest in summer, althou^ 
the. earth is farther from the sun at that time. 

869, Rliisiration. Fig. 137 represents the manner in which the 
rays of the sun fall upon the earth in summer and in winter. The 
north pole, of the earth, at all seasonSj constantly points to the north 
star N > smd when the! earth is nearest to the siin, the rays from the 
sun fall as indicated by W, in the figure ; and a» their direction is 
very oblique, and they hav&a larger portion of the atmosphere to 
traverse., much of their power is lost. Hence we have iiold weather 
when the earth is nearest to the sun. But when the earth is in aphe- 
lion, the rays fail almost vertically, or perpendicularly, as repre- 

!■ ■ I 11 I I I i ■ ' I I I I I ■ . ■ I .1 ■. I ^ , j 

What is said of the motion of the heavenly bodies from perihelion to 
lion.' What ijs their motion f^om aphelion to perihelion? When is a 
velocity tbe greatest f How much longer is the earth in performing the a] 
lion part of its orbit than the perihelion part? 866. How much nearer is' 
earth to the sun in winter .than in summer ? 868. What follows firom the in 
nation of the earth's, axis, with regard to the direction of the siin's ra>- 
When is the heat always tbe greatest l What is siiid of oblique rays ? Whl 
is the reason that the heat is greater in summer than in winter ? 869. lUi 
trate this by Fig. 137. 
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■ented br S, in the figure ; and, although the earth is then nearlj 
three milUons of miles farther firom the sun, the heat is greatest^ he- 

Fig. 137. 




eause the rajFs Ml move directly, and haye a less portion of the 
atmosphere to traverse.* 

870. For a similar reason, we find, even in summer, that early in 
the morning, and late in the afVempon, it is much cooler than at 
noon, because the sun then shines more obliquely. The heat is 
generally the greatest at about three o'clock in the afternoon ; be- 
cause tfaie earth retains its heat for some length of time, and the ad- 
ditional heat it is constantly receiving Som the sun, causes an 
elevation of temperature, even after t& rays begin to fall more 
obliquely. 

It is the same cause which occasions the variety of climate in 
different parts of the earth. The sun always i^hines in a direction 
nearly perpendicular, or vertical, on the equator ; and with difierent 
degrees of^obliquity on the other parts of the earth. For this reason, 
the greatest degree of heat, pre vails at the equator during the whole 
year. The farther any place is situated from the equator, the 
more obliquely will the rays fall, at difierent seasons of^the year; 
and, consequently, the greater will be the difference in the tem- 
perature. 

* This may be more ftmiliarly explained, by comparing sammer rays to s 
bail, or stone, thrown directly dt an oliiJect, so as to strilte it- with all its fbrcd; 
and winter rays to the same. ball or stone, thrown obliquely, so as merely to 
^ose the olt)ect. 

How is the earth situated with regard to its distance iSrom the sun in winter f 
Whai illostratipn of oblique and perpendicular rays is given in the note t 
870. Why is it generally, cooler early in the morning and late in the aftemoan 
than at noon ? Why is the heat the greatest at about three o'clock f What 
causes the variety of climate in difibrent parts of the earth i Where does ths 
son always shine in a vertical direction .* 
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871. If the axii of the earth were perpendicalar to its orbit, those 
puts of the earth which lie under the equator would be constantlr 
opposite to the sun ; and as, in that case, the sun would, at tii 
tunes of the year, be vertical to those places equally distant firom 
both poles, so the light and heat of the sun would be dispersed with 
perfect uniformity towards each pole : we should have no variety 
of seasons : day and night would be of the same length ; and the 
heat of the sun would be of the same intensity every day throughout 
theyear. 

872. It is, therefore, as has been stated, owing to the inclination 
of the earth's axis, that we have the ameable variety of the sea- 
sons, days and nights of different lengths, and that wisely ordered 
variety of climate, which causes so mat a variety of productions, 
and which has afforded so poweriul a stimulus to human in? 
dustry* 

873. In order to understand the iUustration of the causes of the 
seasons, &c., it is necessary to have some knowledge of the circles 
which are drawn on the artificial representations ofthe earth. It is 
to be remembered that all of these circles are wholly imaginary ; 
that is, that there is on the earth itself no such circles or lines. 
They are drawn on maps merely for the purpose of illustration. 

874. Fig. 133 represents the earth. N S is the axis, or imaginarr 
line, around which it daily turns ; N is the north pule, S is the soum 
pole. These poles, it will be seen, 
are the extremities of the axis, N S. 
C D represents the equator, which 
is a circle around the earth, at an 
equal distance from each pole. — 
Tne carved lines proceeding from 
N to S, are meridians. They are 
all circles surrounding the earth, 
and passing through the poles. — 
These meridians may be multiplied 
at pleasure. ^ 

The lines E F, I K, L M, and 
G H, are designed to represent cir- 
cles, all of Siem parallel to the 
equator, and for this reason they 
are called parallels of latitude. These also may be multiplied at 
pleasure. 

* The wisdom of Providence is freqaently displayed in appcerent inconsisteii- 
cies. Thus, tlie very circamstance which, to the shortsighted philosophy, 
appears to have thrown an insurmountable barrier between the scattered por- 
tions ofthe human race, has been wisely ordered, to establish an interchange of 
blessings, and to bring the ends of the earth in communion. Were the same 
productions found in every region of the earth, the stimulus to exertion would 
be weakened, and the wide field of human labor would be greatly diminiahed. 
It is our mutual wants which bind us together. 




871 What would fbllow were the axis of the earth perpendicular to its or- 
bit ^ What causes the variety ofthe seasons, the different lengths of days and 
alghts, &c.? 473. What is necessary in order to understand the illustration of 
tfie causes ofthe seasons? Explain Fig 138. What are the poles? 
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Biit in the figure, these Unes, which are parallel ta the eqaator, 
and which are at a certain distance from it, have a different name, 
derived from the manner in wliich the sun's rays fall on the surface 
of the earth. 

Thus the circle I K, 23) de^ees from the equator, is- called the 
tropic of Cancer,* and the circle L M is called Uie tropic of Capri- 
corn. The circle £ F is called the Arctic Circle. It represents 
the limit^of perpetual day, when.it is summer in the northern hem- 
isphere, and ofperpetiial night when it is winter. 

The circle <t His the Antarctic Circle, and represents the limit 
of perpetual day and night in the southern hemisphere. The line 
L K, re|iresents the circle of the ecliptic, which, (as has already 
been stated in No. 852,) is the apparent patii of the sun, or the real 
path of the earth. This circle, although it is generally drawn on 
the terrestrial globe, is, in reality, a circle in the heavens ; and dif- 
fers from the ndiac only ii) its width, — the zodiac extending eight 
degrees on ieach side of the ecliptic. \Stt No. 852.] 

875. Fig. 139 represents the manner in which the son shines on 

Fig. 139. 




* lliiis on the ilst of W arcl), the rays of the mn (UI Tertelally oa the at*^ 



Why is the circle I ]E called the tropic of Cancer f What ia the meanf of cT 
the word tropic f Why ia the circle LM called the tropic of Caprleoraf 
What are the tropica \ What ia the circle B P called f What doea it i«pr» 
aent ? What ia the circle 6 H called .> What doea it repreapat f What OMl 
Fig, 139 repreaent i Explain the figure. 

16* 





woidsyllie 
«r t^ rhiBf m ikB wmmam. S wefrntmeaM IIk soil, and the 
•«al,oreUipK,ABCD,t^«bii«rtfeeiirtk. Tlie oater 
the »£ae, with the mmIlw rf the twelve ajgna or 
Ob the 21M of Jue, wkn the eirth k at D, the 
polar Rgnaia cMtmmllr is the l^ghiof the san. 
Aa it tmna oa ill azia, theicfae, it viU be dajto all .the paita 
vhiefaaieexpoaed totfae fifhtaf thean.* Birt, aa the whole of 
the Aotaietie Circle « witiiin the fine of peipflyal darioieM, the 
aoncanafaiaeoBnopaitofit. it will, therefiMe,be eonalBBt lught 
to an Dheea withuvthat eirele. A» the vhoia of the Aictie Circle 
ia witBiJi the fine of petpetoal light, no part of that circle wiU 
be tnmed from the aon vfaile the eaith tnma oa ito azia. To 
all piaeea, thnefine, vithin the Ardie drda, it wiU be confllBnt 
day. 

On the 2ad of September, when the earth ia at C, ita axia ianei- 
tfaer meWxwA to, norfivm the son, but ia sdearagra ; md, of eonrBe, 
while one half of the earth, firom pole to pole, ia eidigfatened, 
the other half is in darkncM, aa would be the caae if ita axis 
were perpendicular to the plane of its oibit ; and it ia this which 
causes the days and ni|[hts, of this seaaon of the jear, to be of equal 
length. 

On the 23d of December, the earth has progreaaed in its orbit to 
By which causes the whole space within the northern polar circle to 
be continually in darkness, and more of that part of the earth north 
of the equator to be in the shade than in the light of the sun. 
Hence f cm the 21st of December, at all places north of the equator, 
the days are shorter than the nights, and at all placea south of the 

tor, and on each locceediojE daj on placet a little to the aorth, imti] the Slat of 
June, when they fall vertically on places 23^ degrees niMrth of the equator. 
Their vertical direction then turns back aj^ain towards the eqoator, where 
the rays again fiiil vertically on the 23d of September, and on the succeeding 
days a little to the soath, ontil the 21st of Decesaber, when they fUl verti- 
cally on places 23^ south of the equator. Their Tertical direction then again 
turns toward the equator. IJence the circles I K and L M are called the 
tropics of Cancer and Capricorn. The word tropic is derived firom a word 
which signifies to turn. The tropica, therefore, are the boundaries of the sonHi 
apparent path north and south of the equator, or the lines at which the sua 
turm back. 

* Day and night are caused by the rotation of the earth on its axis every 24 
hours. It is day to that iiide of the earth which is towards the sun, and night to 
Uie opposite side. The length of the days ia in proportion to the inclination of 
the axis of the earth towards the sun. It may be leen by the above figure, that 
in summer, the axis in most inclined towards the sun, and then the days are the 
longest. Ai the North pole becomes less inclined, the days shorten, till, on the 
Slat December, it is inclined 23|o from the sun, when the days are the short- 
est. Thus, as the earth progresses in ita orbit, after the days are the shorteat, it 
ehangea Its inclination toward the Son, till it ia again Inclined aa in the longest 
days in the aummeri 



Explain, by the figure, the situation of the earth on the Slat of Jnne. What 
eaoies day and night { To what part of the earth is it day ? To what part ia 
It night f To what is the length of the day in proportion f When are the days 
the longest f Why .> When are they the shortest ? Why f Explain by tho 
figure the situation of the earth on the 22d of September. On the 2Sd of Da- 
aomber. 
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•qoator, the dty« aie longer than the nights. Hence, al«>, within 
tM Arctic Circle it ii oninterrapted ni^ht, the son not sfaining at 
idl ; and within the Antarctic Circle it is uninterrupted day, the 
ran shining all the time. 

On the 20th of March, the earth has advanced still further, and is 
at A, which causes its axis, and the length of the days and nights 
to be the same as on the 20\h of Septemoer.* 

876. From the explanation of figure 139. it appears that there are 
two parts of its orbit in which the days ana nights are equal all over 
the earth. These points are in the sign of Aries and Libra, which 
are therefore called the equinoxes. Aries is the vernal (or spring) 
equinox, and Libra the autumnal equinox. 

877. There are also two other points called solstices, because the 
sun appears to stand at the same height in the heavens, in the mid- 
dle or the day, for several days. These points are in the signs Can- 
cer and Capricorn. Cancer is Called the summer solstice, and Cap- 
ricorn the winter solstice. 

878. The sun is a spherical body, situated near the 
centre of gravity, of the system of planets of which our 
earth is one. 

879. Its diameter is 877,547 English miles ; which is equal to 100 
diameters of the earth ; and, therefore, his cubic magnitude must 
exceed that of the earth one million of times. It revolves around its 
axis in 25 days and 10 hours. This has been ascertained by means 
of several dark spots which have been seen with telescopes on its 
surface. 

* As the differenoe in the length or the days and the nights, and« the change of 
the seasons, &e. on the earth, is caased by the inclination of the enrth^s axis, it 
foilows that lUl the planets, whose axes are inclined, must experience the same 
Ticissitude ; and that it must be in proportion to the degree of the inclination 
of their axes. As the axis of the planet Japiter is nearly perpendicular to its 
orbit, it follows that there can be little variation in the length of the days, and 
Uttle change in the seasons of that planet. 

There can be little doubt that the sun, the planets, stars, &c are all of them 
inhabited ; and although it may be thought that some of them, on account of 
their immense distance from the sun, experience a great want of light and heat, 
while others are so near, and the heat, consequently, so great that water can- 
not remain on them in a fluid state, yet, as we see, even on our own earth, that 
creatures of different nature live in diffbrent elements, as, for instance, flshes in 
-water, animals in air, &e. creative wisdom could, undoubtedly, adapt the being 
to its situation, and with as little exertion of power, form a race whose nature 
should be adapted to the nearest, or the most remote of the heavenly bodies, as 
was required to adapt the fbwla to the air, or the fishes to the sea. 



On the 20th of March. What follows from the changes on the earth, catised 
by the inclination of the earth's axis ? la what proportion are these changas I 
What is said of the ax^s of the planet Jupiter f Is is supposed that the sun, 
planets and stars are inhabited ? What is 'shown by F^. 189 f Where are 
these points? What are they called i Which is the vernal equinox f Which 
the autumnal i What other two points are there i Why are th^ called soK 
stiees f Where are these points i Which is the summer solstice? Which the 
winter ? 878. What is said of the sun ? What is its diameter ? How muoh 
does its cubic magnitude exceed that of the earth ? How long is it in perfbnft* 
lag its revolution arotmd iu axis ? How has this been ascertained f 




NATURAL PHILOSOPHY. 

880. Dr. Henchel iiappoBed the neater number of spots on the 
ran to be mountains ; some of which he estimated to be 900 miles 
m height 

881. It is probable that the. sun,, like all the other heavenly bod- 
ies rezcepting perhaps comets) is inhabited by beings whose nature 
is aoapted to their peculiar circumstances. 

* ' 

882. Although, by some, the sun is supposed to be an immense 
ball of fire, on account of the effects produced at the distance of 
ninety-five millions of mires, yet many facts show that heat is pro- 
duced by the sun's rays, only when they act on a suitable medium. 
Thus, snow and ice remain during . the year, on the tops of the 
highest mountains, even in climates where the- cold of our winters 
is never kiiown. 

883. The zodiacied lisht is a singular phenomenon, accompanying 
the sun. . It is a faint Tight which often appears to stream up from 
the sun a little after sunset and before sunrise. It appears nearly in 
the form of a cone, its sides being somewhat curved, and generally 
but ill defined. It extends often from 50° to 100° m the heavens, 
and alwajB nearly in the direction of the plane of the ecliptic. It iS 
most distuct about the beginning of March ', but is constantly visi- 
ble in the torrid sone. The cause of this phenomenon is not 
known. 

884. In almanacs, the sun is usually represented by a small cir- 
cle, with the face, of a num in .it, thus : 

885. Mercury is the nearest planet to the sun, and is 
seldom seen ; because his viciaitj to the sun occasions . 
his being lost in the briiliahcy of the sun's ray?. 

886. The heat of this planet is so great that water cannot exist 
there, except in a state ot vapor ; and metals would be melted. The 
intenseness of the sun's heat, which is in the same proportion as its 
light, is seven times greater in Mercury than on the earth ; no that 
water there would be carried off in the shape of steam ; ibr, by ex- 
periments made with a thermometer, it appears that a heat seven 
times greater than that of the sun's beams in summer, veill make 
water boil. 

887. Mercury, although in appearance only a small star, emits a 
bright white light, by which it may be recognized when seen. It 
appears a little before the «un rises, and again a little after sunset, 
but as its angular distance from the sun never exceeds 23 degrees, 
it is never to be seen longer than one hour and fifty minutes after 
jiuoset ; nor longer than uiat time before the sun rises. 



880. What did Dr. HerBchel ftappose theae apott to be? S83. What ta Om 
Zodiacal light f At what time ia it moat diacinct f Where la it conatanUy 
▼ialble f 886. What planet ia neaieat to the aon f Why la it aeldom aeen f 
What ia aaid of theheat of this planet ? How much greater ia the aunVi heat 
in Mercury than on the earth i In what form doea water exiat in Mercury ? 
How can Mercury be recognized when aetan? At what time doea it ap- 
pearf 
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888. When viewed through a good telescope, Mercury iqipeart 
with ail the various phases, or increase and decrease of light with 
which we view the moon ; except that it never appear»aaite full, 
because its enlightened side is turned directly towards the earth, 
only when the planet is so near the sun as to be lost ta our sight 
in its beams. Like that of the moon, the crescent or enlightened 
vide of Mercury is always toward the sun. As no spots are com- 
monly visible on the disk, the time of its rotation on its axis is un- 
known. 

889. Venus,''^ the second planet in order from the sun, 
is the nearest to the earth, and on that account appears 
to be the largest and most beautiful of all the planets. 
During a part of the year it rises before the sun, and it 
is then called the morning star ; during another part of 
the year it rises after the sun, and it is then called the 
evening star. The heat and light at Venus are nearly 
double what they are at the earth. 

890. Venus, like Mercury, presents to us all the appearances of 
increase and decrease of liffiit common to the moon. Spots are also 
sometimes seen on its suriace, like those on the sun. By reason of 
the ffreat brilliancy of this planet, it may sometimes be seen even in 
the day time, by the naked eye.t But it is never seen late at night 
because its angular distance n-om the sun never exceeds 45 degrees. 
In the absence of the moon it will cast a shadow behind an opake 
body. 

891. Both Mercury and Venus sometimes pass directly between 
the sun and the earth. As their illuminated surface is toward the 
sun, their dark side is presented to the earth, and they appear like 
dark spots on the sun's disk. This is called the transit of these 
planets. 

892. The earth is the next planet, in the solar sys- 
tem, to Venus. It is not a perfect sphere, but its figure 

* Bv the ancient poets, Venos was called Phosphor^ or iMcifer, when it ap 
pesred to the west of the sun, at which time it is morning star, and ushers in 
the light or day ; and Hesperus or Vesper, when eastward of the sun, or evening 
star. 

t The reason why we cannot see the stars and planets in the day time, is, 
that their light is so faint, compared with the light of the sun reflected by our 
atmosphere. 

888. How does Mercury appear when viewed through a telescope ? 889. 
What planet is nearest to the earth t When is Venus called the morn- 
ing star? When is it called the evening star? How much greater are the 
heat and light at Venus than that at the earth f What name was given by 
the ancient poets, to Venus, when morning star ? What, when evening star / 
What is the greatest distance at which the planets, Mercury and Venus, can 
ever appear from the son f What is. meant by tbe transit of Uieae 
planets i What is said of the diffbrent appearances which Venus presents t 
Why can we not see the planets and stars in the day time ? 892. What planst 
is next to Venus f What is the form of the earth ? 
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is that of an qbUde spheraidy the equatorial diameter be- 
ing about 34 miles longer than its polar diameter. . 

893. It. IB attended, by one moon, the diameter of which is. about 
two thousand miles. - Its mean distance from .the earth is about 
940,000 miles, and it turns on its axis in precisely :the same time 
that it performs its levolution round the earth; namely, in 29 days 
and a half. 

894. The earthy when viewed from the moon, exhibits 
precisely the same phases that the moon ddes to us, but 
in opposite order. When the moon. is full to us, the 
earth will be dark to the inhabitants of the tnooh ; and 
when the moon is dark to us, the earth will be full to 
them. The earth appears to them about 13 times larger 
than the moon does to us. As the moon, however, 
lUways presents nearly the same side to the earth, there 
is one half of the moon which we never see, and which 
cannot see the earth. 

895. Next to the earth is the planet Mars, It iis con- 
spicuous for its fiery red appearance ; which is supposed 
to be caused by a very dense atmosphere. 

When this planet approaches any of the fixed starsf they chan^ 
their color, grow dim, and often become totally invisible. Thi9 is 
supposed to oe cauped by his atmosphere. The deprree of heat and 
light, at Mars is leqs than half of that received by the earth. 

89i6. The iEbur small planets or asteroids, Vesta, Jimo, Ceres and 
Pallas, have all been discdvered witiiin the present century. Vesta 
was diseovered by Dr. Gibers, of Bremen, in 1807. Its light is pure 
and white. Juno, by Mr. Harding, near Bremen, in 1804. Its 
color is. red, and its. atmosphere appears cloudy, rallas was dis- 
covered by Dr. Olbeite in 1802. It appears to have a dense, cloudy 
atmosphere. Ceres was discovered at Palermo, in Sicily, by Piazzi, 
in 1801. It is of a ruddy color. All of these small planets undergo 
various changes in appearance. and. size, so that their real magni- 
tude is not ascertained with any certainty ; an4 but little is l^nowh 
of them:* 

^ It is ft remarkable fiieC, that certain irr^^ularUies, observed in tbe motions 
ofthe old planetSf induced some astronomers to suppose tliat a planet existed 

■ ' . ^ . . ■ . 

Row mucli larger i&its equatorial diameter than its polar f 893. How many 
moons lias the earth ? What is the diameter of the moon ? What is its distance 
from the euth i What i^ the length of a day at the moon ? How long ia it in 
performing its revolution around the earth i S94. What phases dpes the earth, 
when viewed flrom the moon, exhibit i How much larger does the earth appear 
than the moon ? 895. What planet is next to the earth > What renders it con- 
■picuQBS ? What hi supposed to cause this appearance f How much more light 
and heat does the earth ei^oy than Mars i 896. When were the asteroids dis- 
covered f By whom, and in what year was Vesta discovered f What is the 
color of its light .' By whom and when Was Juno discoveried f What is the 
color of its Upkt f -When was Pallas discovered ? By whom f What in said of 
its atmosphere f When and by whom was Ceres discovered * What is ite color f 
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897. Jupiter is the largest planet of 'the solar system, 
and it is the most brilliant, except Venus/ The heat 
and light at Jupiter is about 25 times less than that at 
the earth. This planet is attended by four moons, or 
satellites ; the shadows of some of which are occasion^ 
ally visible upon his surface. 

898. The distance of those satelliteis from' the planet are two, fonr, 
six and twelve hundred thousand miles, nearly. 

The nearest revolves around the planet in less than two days. ; 
the next in less than four days ; the third in less than eight days > 
and the fourth in o^out sixteen days. 

899. These four moons must anord considerable light to the in- 
habitants of the planet) for the nearest appears to jLhem four timed 
the size of our moon; the second about the same size; the third 
somewhat less, and the fourth about one third the diameter of our 
moon. • ■ •• 

900. As the axis of Jupiter is nearly perpendicular to it» orbit, it 
has no sensible change of seascms. 

901. The satellites of Jupiter often pass behind the body of the 
planet, and also into its shadow, and are ecHpsed. These eclipses 
are of use in ascertaining th6 longitude of places on the earth. By 
these eclipses also, it l^s been ascertained that light is about 8 
minutes in coming irom the sun to the earth. • For, an eclipse of 
oneof these satellites appears to iis to take' place 16* minutes sooner, 
when the earth, is in that part of its orbit nearest Jupiter, than when 
in the part farthest from that planet. Hence j light is sixteen min- 
utes in crossing the earth's orbit, and, of course j half of tbat time^ 
or 8 minutes, in coming &om thie sun to the earths . 

'902. When viewed through a telescope, several belts or bands 
ar^ distinctly seen, sometimes extending across his disk, and some- 
timea interrupted and. broken. They differ in distance, position, 
apd number. They are generally dark ; but white' ones have been 
seen.' •'•'•_ '..'.;. 

.903. On acconntbf the immense distance of Jupiter from the sun, 

between the orbits of Mars and Jupiter ; a-snpposition that uose long previous 
to the discovery of the four- new planets just noticed. The opinion has been 
advanced, that these four small bodies' originally oompoeed one larger one; 
• Which, by some unknown force or conyulsioh, burst asunder. This opinion Is 
maintained with much Ingenuity and plausibility by Dr. Brewster, in the Edin« 
burgh Encyclopedia, ^rt. Astrohomt. Br. BrewsCer further supposes, thai 
the bursting of this planet, may have occiasioned the phenomena of the meteoric 
stones j that Is, stones which have falleja'on the earth firom the atmosphere. , 

. — — [ ■ — '■ — —■ .' — — — -'' •• . ■ ' "^ ■ — ; '. 

What is said in the note with regard to these .planets ? 697. Which of the. 
planets is the largest f How much more light . and heat does the earth enjoy 
than Jupiter f How many moons has this planet? 898. What is the distance 
of these moons from the planet f In what time do they perform their revolu- 
tions around the planet f How. does the size of these moons compare with that 
of ours f 900. Why has Jupiter no sensible variety of seasons ? 901. Of what 
use hre the eclipses of Jupiter^ moons f How long is light ii^ coming from the 
sun to the earth f How has thi# been ascertained t uqw does Jupiter appear 
when viewed through a telescope .' 
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ini •!» Btm M eieiuj , Venva, the Earth and Mafs, obaenren on 
Japilery with ^ea iike oon, can ne^er see either of the above- 

tliey would always be immersed in the win's 




904. Satnm is the second in size and the last but one 

in distance firom the sun. The degree of heat and 

light at this planet is eightj times less than that at the 

earth. 

906. Satnm ia distingniahed fiom the other planets by being 
cneoinnasBed bj two lai^ Inminoos rings, one exactly without or 
beyond the other. They reflect the sun's light in the same manner 
as his momis. They are entirely detached from each other and 
fiom the body of the planet They turn on the same axis with the 
planet, and in nearly the same time.* The edge of these rings is 
constantly at right angles with the axis of the planet. Stars are 
sometimes seen oetween the rings, and also between the inner rin^ 
and the body of the planet T& breadth of the two rings js about 
the same as their distance from the planet, namely, 21,000 mDes. 
Ab they cast shadows on the planet, Di, Herschel thinks them 
•olid. 

906. The surface of Saturn is sometimes diversified, like that of 
Jupiter, with spots and belts. Saturn has seven satellites, or moons, 
revolving around him at different distances and in various times, 
fiom less than one to eighty days. 

907. Saturn may be known by his pale and steady light. The 
seven moons of Saturn, except one, revolve at different distances 
around the outer edge of his rmgs. Dr. Herschel saw them moving 
along it, like bright beads on a white string. They do not often 
sufi^r eclipse by passing into the shadow of the planet, because the 
ring is generally in an oblique direction. 

908. Herschel, the third in size, is the most remote 
of all the planets. It is scarcely visible to the naked 
eye. The light and heat at Herschel are about 360 
times less than that at the earth. 

909. This planet was formerhr considered a small star ; but Dr. 
Herschel, in 1781, discovered, from its motion, that it is a planet. 
He modestly gave it the name of Georgium Sidus, or the Georgium 



* These riogf move together around the planet, but are about thirteen 
utea longer in performing their revolution about him, than Saturn is ia revolv- 
ing about hifl axis. 

904. How doeii Saturn compare in size with the other planets ? 905. How is 
Saturn distinguished from the other planets f What is said of these rings ? How 
much longer are these rings in performing their revolution around the planet than 
the planet is in performing its revolution on its axis.' What is tliebreadtii 
of t^ese rings f 906. What is said of the surfhce of Saturn i How many moons 
has Saturn r 907. How may Satura be kndwn f What is said of the moona 
of Saturn f Why are they not often eclipsed f 908. How does Herschel com- 
pare in size with the other planets f How does the light and heat at Herschel 
compare with that of the earth f 909. By whom was this planet discovered i 
What name did he give it f 
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r, in honor of his king, George the Third. On the continent of 
Eoiope it is called Uranus. 

910. Herachel is attended by six moons, or satellites, all of which 
were discovered by Dr. Herscnel ; and all of them revolve in orbits 
QMrljr perpendicular to that of the planet. Their motion is appat' 
endy retrograde; but this is probably an optical illusion, arising 
from the difficulty of aecertaining which part of their orbit inclines 
towards the earth, and which declines from it * 

911. It is a ungular circumstance, that, before the discovery of 
Herschel, some disturbances and deviations were observed by as- 
tronomers in the motions of Jupiter and Saturn, which they could 
aocoant for only on the supposition that these two planets were 
influenced by the attraction of some more remote and undiscovered 
planet. The discovery of Herschel completely verified their opin- 
ions, and shows the extreme nicety with which astronomers observe 
the motions of planets. 

912. The word comet is derived from a Greek word, 
which means hair; and this name is given to a numer- 
ous class of bodies, which occasionally visit, and appear 
to belong to the solar system. These bodies seem to 
consist of a nucleus, attended with a lucid haze, some- 
times resembling flowing hair ; from whence the name 
is derived. Some comets seem to consist wholly of this 
hazy or hairy appearance, which is frequently called 
the taU of the comet. 

913. In ancient times, the appearance of comets was regarded 
with superstitious fear, in the belief that they were the foieruzmers 
of some direful calamity. These fears have now been banished, 
and the comet is viewed as a constituent member of the sys- 

* It appears to be a general law oT aaCellites, or moons, that they turn on 
their axes in the eame time in which they revolve around their primariea. On 
this account, the inhabitants of secondary planets observe some sinirular appear- 
ances, which the inhabitants of primary planets do not. Those who dwell on 
the side of a secondary planet next to the primary, 'will always see that primar 

3' ; while those who live on the opposite side will never see it. Those who 
ways see the primary, will see it constantly in very nearly the same place. 
For example, those who dwell near the edge of the moon's disk, will always 
see the earth near the horizon, and those in or near the centre, will always see 
it directly or nearly over head. Those who dwell in the moon's south limb, 
win see the earth to the northward} those in the north limb will see it to the 
southward ; those in the east limb will see it to the westward *, while those In 
the west limb will see it to the eastward *, and all will see it nearer the horixon 
In proportion to their own distance from the centre of the moon's disk. Similar 
appearances are exhibited to the inhabitants of all secondary planets. 

910. How many moons has Herschel f By whom were they discovered. ? 
How are their orbits situated, with regard to that of the planet f What is said 
of their motion ? Ifote. What appears to be a general law of satellites f What 
Ibllows from this with r^ard to the appearances which the inhabitants of the 
secondary planets mnst observe f 912. What is the meaning of the word 
•omet i To what elaas of bodies is this name given i Of whatoo these bodies 
appear to consist f 

17 
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tem, governed by the same haimonioiu and unclian|ring laws which 
xeffolate and control all the other heavenly bodies.* 

914. Comets, in moving, describe long narrow oyals. They ap- 
proach very near the son in one of the narrow ends of these ovals ; 
and when a comet is in the other, or opposite end of its orbit, its 
distance from the sun is immensely great. 

915. The extreme nearness of approach to the snn ^ves to the 
comet, when in perihelion, a swiftness of motion prodigiously neat. 
Newton calculated the velocity of the comet of 1680 to be 8^,000 
miles an hour. This comet was remarkable for its near approach to 
the sun, being no further than 580,000 miles from it, which is but 
little more than half the san'e diameter. Brydone calculated that 
the velocity of a comet, which he observed at Palermo, in 1770, 
was at the rate of two millions and a half of miles in an hour. 

916. The luminous stream, or tail, of a comet, follows it as it 
approaches the sun, and goes before it when the comet recedes 
from the sun. Newton, and some other astronomers, considered 
the tails of comets to be vapors, produced bv the excessive heat of 
the sun. Of whatever substance they may be, it is certain that it 
is very TaTe^ because the stars may be distmctljr seen through it 

917; The tails of comets differ very greatly in lenffth, and some 
are attended apparently by only a small cloudy light, while the 
length of the tail of others has been estimated at from 50 to 80 
millions of miles, t 

* The number of comets that have occasionally appeared within the limits 
of the solar system is variously stated, flrom 350 to 500. The paths or orbits of 
about 98 dT these have been calculated from observation of the times at which 
they most nearly approached the sun ; their distance from it, and from the 
earth, at those times ; the direction of their movements, whether from east to 
west, or from west to east ; and the places in the starry sphere at which tiieir 
orbits crossed that of the earth, and their inclination to it. The result is, that, 
of these 98, 24 passed between the Sun and Mercury, 33 passed between Mer- 
cury and Venus, 21 between Venus and the Earth, 16 between the earth and 
Mars, 3 between Mars and Ceres, and 1 between Ceres and Jupiter ; that 50 of 
these comets moved from east to west; that their orbits were inclined at 
every possible angle to that of the earth. The greater part of them ascended 
above the orbit of the earth, when very near the sun ; and some were observed 
to dash down iYt)m the upper regions of space, and, i^r turning round the son, 
to mount again. 

t It has been argued that comets consist of very little solid substance, be- 
cause, although they sometimes approach very near to the other heavenly 
bodies, they appear to exert no sensible attractive force upon those bodies. It 
is said that, in 1454, the moon was eclipsed by a comet. The comet mnst, 
therefore, have been very near the earth ; (less than 240,000 miles yet it pro- 
duced no sensible effect on the earth or the moon -, for it did not cause them to 
make any perceptible deviation from their accustomed paths round the son. 
It has beeen ascertained that comets are disturbed by the gravitating power of 
the planets, but it does not appear that the planets are in like manner affhcted 
by comets. 

^ote. What is the nnmbar of comets that have occasionally appeared f 
what discoveries have been made concerning 98 of them f What is the reanit f 
914. What is the form of the orbits of comets? 91& What is said of the mo- 
tion of comets when in perihelion? What did Newton calculate the velocity 
of the comet in 1680 to be in an hour f For what was this comet remarkable ? 
916. What is said of the luminous stream of a comet as it approaches and re- 
cedes from the sun i What did Newton, and some other astronomers, consider 
the tails of comets to be f What is said is the note with regard to comeu ? 
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918. The stars are classed into six magnitudes : thd 
largest are of the first magnitude, and the smallest that 
can be seen by the naked eye, are of the sixth. Those 
stars which can be seen only by means of telescopes, 
are called telescopic stars. 

919. The distance of the fixed stars cannot be determined, be- 
cause we have no means of ascertaining the distance of any body 
which exceeds 200 thousand times that of the earth from the sun. 
As none of the stars come within that limit, we cannot determine 
their real distance. It is generally supposed that a part, if not all, 
of the difference in their apparent magnitudes is owing to the differ- 
ence in their distance, the smallest being farthest off.* 

920. Although the stars generally appear fixed, they all have 
motion ; but their distance being so immensely great, a rapid motion 
would not perceptibly change their relative situation in two or three 
thousand years. Some have been noticed alternately to appear and 
disappear : several that were mentioned by ancient astronomers, are 
not now to be seen ; and some are now observed, which were un- 
known to the ancients. 

921. Many stars which appear single to the naked eye, when 
viewed throiigh powerful telescopes, appear double, treble, and even 
quadruple. Some are subject to variation in their apparent magni- 
tude ; at one time heins of th^ second, or third, and, at another, of 
tiie fifUi or sixth magnitude. 

9^. The Galaxy, or Milky Way, is the name given to a 
remarkably light broad zone, visible in the heavens, pass- 
ing from north-east to south-west. It is supposed to con- 
Many comets escape obaenration, because they traverse tbat part of the 
heavens only which is above the horizon in the day time. They are, therefOTe, 
lost in the brilliancy of the sun, and can be seen only when a total edlipae of the 
sun takes place. Seneca, 60 years before the Christian era, states that a large 
comet was actually observed very near the sun, during an eclipse. 

Dr. Halley and Professor Encke and Biela are the first astronomers that ever 
successfully predicted the return of a comet. The periodical time of Halley 's 
comet is about 76 years. It appeared last in the fail of 18S5': that of Encke is 
about 1200 days ; that of Biela about 6} years. This last comet appeared in 
1832 : its next appearance will be in 1838. 

The comet of 1758, the return of which was predicted by Dr. Halley, was 
regarded with great interest by astronomers, because its return tvas pre- 
dicted. But four revolutions before, in 1456, it was looked upon with the 
utmost horror. Its long tail spread consternation over all Europe, already ter- 
rified by the rapid success of the Turkish arms. Pope Callixtus, on this occa- 
sion, ordered a prayer, in which both the comet and the Turks were included in 
one anathema. 

* The distance of the stars, according to Sir J. Herschel, cannot be so small 
as 19,900,000,000,000. How much larger it may be we know not. 

Who were the first astronomers that successfliUy predicted the return of a 
comet? What is the periodical time of Halley^s comet f OfEncke^? Of 
Biela's? 918. Into how many magnitudes are the stars classed ? Of what 
magnitude are the largest f Of what are the smallest i What are telescopic 
•tars i 919. Why cannot the distance of the fixed stars be determined ? To 
-what is the difibrenoe in their apparent magnitudes supposed to be owing f 
920. Have the stars any motion f 922. What is the Galaxy? 
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gifll of an immense number of stars, which, from their 
apparent nearness, cannot be distinguished from each 
other. 

933. Dr. Henebel saw, in the courw of a quarter of an hour, the 
astonishing number of 1 16,000 stars pass through the field of his 
telescope, while it was directed to the milky way. 

904. The ancients, in reducing astronomy to a science, formed 
the stars into ehuUrs, or eonstfiUaCions* to which they gave partic- 
ular names. 

925* The number of constellations among the ancients was about 
fifty. The modems have added about fifty more.t 

^36. On a celestial globe, the largest star in each constellation is 
usually designated by the first letter of the Greek alphabet; and the 
next largestDy the second, &c. When the Greek alphabet is ex- 
hausted^the English alphabet, and then numbers, are used. 

927. The stars, and other heavenly bodies, are never seen in their 
true situation, because the motion of light is progressive; and, 
during the time that light is comins to the earth, the earth is con- 
stantly in motion. In order, thererore, to see a star, the telescope 
must be turned somewhat htfore the star, in the direction in which 
the earth moves. [See Resultant Motion, JVb. 192.] 

Hence, a ray of light passing through the centre of the telescope, 
to the observer's eye, does not coincide with a direct line firom his 
eye to the star, but makes aU angle with it; and this is termed the 
aberration of light,t 

9S6. On account of the daily rotation of the earth on its axis, the 

* The names of the sigiui of the zodiac have already been ifivea. (See Ifo. 
854.) It remaiiu to be observed, that each constellation is aboat SO degrees, or 
a sign, eastward of the sign of the same name. For example, the constellatioa 
Aries Is 90* eastTrard of the sign Aries, and the constellation Tanms 30** east- 
ward of the sign Taurus, and so on. Thus the sign Aries lies in the constella- 
tion Pisces ; the sign Taoms in the constellation Aries ; the sign Gemini in the 
constellation Taums. and so on. Hence the importance of distinguishing be- 
tween the sigTu of the zodiac and the cotutellations of the zodiac. The canse 
of the diflbrence Is the precession of the equinoxes. [See note to Ifo. 854, and 
Ifo. 945.] 

t Oar observations of the stars and nebute are confined principally to those 
«f the northern hemisphere. Of the constellations near the south pole we 
know but little. [See first note to No. 854.] 

X In determining the true place of any of the celestial bodies, the refiracttre 
power of the atmosphere must always be taken into consideration. This prop- 
erty of the atmosphere adds to the length of the days, by causing the sun to 
appear b^ore it has actually risen, and by detaining its a^arance after it hss 
actually set. 

Of What is it supposed to consist ? 924. How did the ancients divide the 
stars? 925. What was the number of constellations among the ancients? 
How many have been added by the modems f 926. How are the stars desig- 
Bftted on the celestial globe f Note. What is the situation of each constellation 
dow ? Illustrate this. What is the cause of this difference f 927. Why do we 
not see the stars, and other l^eavenly bodies, in their true situation f How can 
a star be seen in its true situation i What is meant by the aberration of light ? 
Note. What is necessary to be taken into consideration, in detormining the true 
place of the celestial bodies f What efibct has this property of the atmoaphers 
on the length of the days f 
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whole sphere of the fixed stars, &c. appear to move round the earth 
every twenty-four hours from east to west. To the inhabitants of 
the northern hemisphere, the immovable point, on which the whole 
seems to turn, is the Pde Star. To the inhabitants of the southern 
hemisphere, there is another, and a corresponding pomt m the 

heavens 

929. Certain of the stars surrounding the north pole, never set to 
us: These are included in a circle parallel with the equator, and m 
everv part equally distant from the north pole star. This circle is 
caUed the circle of perpetual apparitum. Others never im? to us ; 
these are included m a circle equally distant from the south pole ; 
and this is called the circle of perpetual oceuUatum. 

Some of the constellations of the southern hemisphere are repre- 
sented as inimitably beautiful, particularly the cross. 

930. The parallax of a heavenly body is the difference 
between the true and the apparent situation of the body. 

931. lUustratum. In Fig. 140, A G B represents the eailh, Mid 
C the moon. To a spectator at A, the moon ^^<>^d appear at t, 
while to another at B, the moon would appear at D 5 but to a Uiird 

Fig. 140. ^ 




spectator at G, the centre of the earth, the moon would appear at E, 
which is the true situation. The distance from F to E is the paral- 
lax of the moon when viewed from A, and the distance from E to 
D is the parallax when viewed from B. 

932. From this it appears, that the situation of the heavenly bod- 
ies must always be calculated from the centre of the earth ; and 
the observer must always know the distance between the place of 
his observation, and the centre of the eaith, in order to make the 
necessary calculations, to determine the true situation of the body. 
Allowance also must be made for refraction. [See note to JVb. 600.] 

933. The moon is a secondary planet, revolving about 
the earth, in about 27J days. Its distance from the 
earth is about 240,000 miles. It turns on its axis in 
precisely the same time that it performs its revolution 

930. What is the parallax of a heavenly body ? Explain Fig. 140. What ap- 
pears from this ? What allowance must also be made ? 988. Is the moon a 
primary or secondary planet i How long is it in performing iU revolution alxmt 
the earth i What is its distance from the earth f 

17* 



198 NATURAL PHILOSOPHY. 

tibottt the earth. CoBsequentlj it always presents the 
same side to the earth. 

934. The most obvious fact in relation to the moon, is that its 
disk is coBstantlj changing its appearance, sometimes only a semi- 
circular edfie being illuminated, while the rest is dark ; at another 
time, the whole surface appearing resplendent. This is caused by 
the relative position of the moon with regard to the sun and tlie 
earth. The moon is an opaque body, and shines only by the light 
of the son. When, therefore, the moon is between the earth and 
the 4iua, it presents its dark side to the earth ; while the side pre- 
sented to the sun^ and on which the son shines, is invisible to the 
earth. But when the earth is between the sun and the moon, the 
illuminated side of the moon is visible at the earth. 

936. BbutraUmi, In Fig. 141, let S be the sun, £ the earth, and 
' A B C D the moon in different parts of her orbit When the moon 

Fig. 141. 




IS at A, its dark side will be towards the earth, its illuminated part 
being always towards the sun. Hence the moon will appear to as 
as represented at a. But when it has advanced in its orbit, to 
B, a small part of its illuminated side comes in sig|it, it appears as 
represented at 6, and is said to be homed. When it arrives at C, 
one half its illuminated side is visible, and it appears as at c. At C, 
and in the opnosite point of its orbit, the moon is said to be in quad- 
rature. At D its appearance is as represented at d, and it is said 
to be gibbous. At £ all its illuminated side is toward us, and we 
have a full moon. During the other half of its revolution, less 
and less of its illuminated side is seen, till it again becomes invisible 
at A. 

* The foUowiitt signa are used in our common almanacs to denote the dillhr. 
ent poaitioiu and phases of the moon. ) or ]) denotes the moon In the Jir$i 
qaadrature } that is, the qoadrature between change and foil ;( or <I denotes 



9S4. What is the most obvioas &ct in relation to the moon? How is tlds 
oaisedP What kind ofa body is the moon? By what light docs it shine f 
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996. "Die mean difibrence in the rising of the moon, caused b^ its 
daily motion, is a little less than an hoar. But on account oi the 
different angles formed with the horizon by different parts of the 
ecliptic, it happens that for six or eight nights near the full moons 
of September and October, the moon rises nearly as soon as the sun 
is set. As this is a great convenience to the husbandman and the 
hunter, inasmuch as it affords them light to continue their occupa- 
tion, and, as it were, lengthens out their day, the first is called the 
harvest moon, the second the hunter's moon. These moons are al- 
ways most beneficial when the moon's ascending node is in or near 
jSlrtes* 

937. An eclipse is a total or partial obscuration of one 
heavenly body by the intervention of another.*}* 

938. The tides are the regular rising and falling of 
the water of the ocean twice in about 25 hours. They 
are occasioned by the attraction of the moon ; but are 
affected by that of the sun also. 

(he ino<« in the Uut quadrature : Chat is, the quadratare between fUU and 
change } Q denotes new moon ; ^ denotes fUlI moon. 

When viewed through a telescope, the aurfhce of the moon appears wonder- 
ftally diversified. Large dark spots, supposed to be excavations or valleys, are 
visible to the eye ; some parts also, appear more lucid than the general surfece. 
These are ascertained to be mountains, by the shadows which they cast. Maps 
of the moon's snrfhce have been drawn *, on which most of these valleys and 
mountains are delineated, and names are given to them. Some of these exca- 
vations are thought to be 4 miles deep and 40 wide. A high. ridge generally sur- 
rounds them, and often a mountain rises in the centre. These immense depres-' 
sions probably very much resemble what would be the appearance of the earth 
at the moon, were all the seas and lakes dried up. Some of the mountains are 
supposed to be volcanic. 

* The reader who wishes a simple and clear illustration of the canses which 
produce the harvest moon is refiarred to Wilkins^ Astronomy, page 69. 

t The situation of ths earth with regard to the moon, or rather of the moon 
with regard to the earth, occasions eclipses both of the sun and moon. Those 
of the sun take place when the moon, passing between the sun and earth, in- 
tercepts his rays. Those of the moon take place when the earth, coming be- 
tween the sun and moon, deprive the moon of his light. Hence, an eclipse of 
the sun can take place oidy when the moon changes, and an eclipse of the moon 
only when the moon fhlls; for at the time of an eelipse, either of the sun or 
moon, the eun^ earth, and moon mtut be in the same straight line. 

If the moon went around the earth in the same plane in which the earth 
goes around the sun» that is, in the ecliptic, it is plain that the sun would be 
eclipsed at every new moon } and the moon would be eclipsed at every ftill. For 
at each of these times, thes^ three bodies would be in the same straight line. 
But the moon's orbit does not coincide with the ecliptic, but is inclined to it at 
aa angle of about 6* 20'. Hence, since the apparent diameter of the sun is bat 
^out 1-2 a degree, and that of the moon about the same, no edipse will take 
place at new or fhll moon, unless the moon be within 1-2 a dqiree of the eeUp- 
tic, that is, in or near one of its nodes. It is found that if the moon be within 

Row does the moon appear when viewed thronsh a telescope f 996. What 
canses the dfflbrence in the rising ct the moon f What is the mean diffbreujM 
in the risinc of the moon i What is the harvest moon i What is the hnnter% 
moon f When are (he moons always the most beneficial? 987. What is aa 
eclipse f When does aa eclipse of the sun take place f When does an eclipaa 
of the moon take place? What is necessary at the time of an eclipse t 938. 
What are tides f By what are they occaaioiied ? 



300 



NATURAL PHILOSOPHY 



Fig. 142. 





939. Let M, in the above fi^ie, be the moon revolving in its or- 
bit ; £, the earth covered witn water. The moon, attracting the 
earth, affects the solid parts of it, as if its whole weight were in a 
point at or near the centre E. But the waters at A, being nearer 
the moon than the point £, are more strongly attracted than the 
earth, at E, and are consequently drawn away from the earth, and 
huseo up under the moon at A . The waters, on the opposite side 
at B, being farther from the moon than the earth at £, are conse- 
quentlv less powerfully attracted than the earth, which is drawn 
nom them, and they are raised at B. ^hen the waters are raised 
at A and B, it is plain they must recede from the intermediate 
points C and D. 

16 l-2« of 8 node at time of dumge, it will be so near the ecliptic, that the snii 
will be more or less eclipsed } if within 12« at time of ftill, the moon will be 
m<Hre or less eclipsed. 

It is obTious that the moon will be oftener within 16 1-2« of anode at the time 
of change, than within 12<* at the time of full } consequently there will be more 
eclipses of the san than of the moon in a course of years. As the nodes com- 
monly come lietween the sun and earth but twice in a year, and Uie moon's or- 
bit contains 360^, of which 16 l-2o, the limit of solar eclipses, and 12o, the Umit 
of lunar eclipses, are but small portions, it is plain there must be many new and 
ftdl moons without any eclipses. 

Although there are more eclipses of the sun than of the moon, yet more eclip- 
ses of the moon will be visible at a particular place, as Boston, in a course of 
years, than of the sun. Since the sun is very much larger than either the earth 
or moon, the sliadow of these bodies must always terminate in a point j that is, 
it must always be a cone. In Fig. 143, let 8 be the sun, m the moon, and E die 



Fiff. 143. 




Explain Fig. 142. How often would there be an eclipse, if the moon went 
ronnd the earth in the same plane in which the earth goes round the sun? 
Why i What is the inclination of the moon's orbit to the ecliptic ? What is 
the apparent diameter of the snn and moon f What follows from this ? When 
is the sun eclipsed t When the moon ? Does an eclipse happen every time 
there is a Ihll or new moon I What must the shadows of thwe bodies always 
bef Why? Exphiin Fig. 143. 
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940. Thot inj partieukr pluw, u A , while puung fVom imdet 
the moon, till it coidh under the moon a^n, bu two tidet. But 
the moon is eooaUntly advancing in ita oibit, to that the earth 
moat a little more thao complete its lotaUon, before the place A 
conies nndcr the moon. Thii caiueg high water at anj pUee about 
fifty minalm later each Bueoeui*e day. 

Mrth, Tbeiuo conaiantlylllumiiiala balT ttas nrth'i lorlkce, lliil U, ahemi- 
■ptun ; add conKqueilly It li ititbig id b11 In thli bcmliphen. Bui IhE inogn'* 

Klljwed la a pari anf; of thoH ID wbDm ll 1> Tliible. eoineilniai, wtasq tha 
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94t. A» the mooo't oibit Taries but little fiom tbe eelipfic, the 
moon is never more than 29° from the equator, and is generally 
much leM. Henee the watera about the equator beine nearer tlie 
mooni are more a tro n g ly attracted, and the tides aie nigher than 
towards the pdes. 

942. The son attracts the waters as well as the moon. When 
the moon is at fall or change, being in the same line of direction, it 
acts with the son ', that is, the snn and moon tend to raise the tides 
at the same place, as seen in the figure. The tides are then very 
high, and are called spring tides. 

%at when the moon is m its quarters, as in Fig. 145, the snn and 
moon being in opposite directions, tend to raise tides at different 
places ; namely, the moon at C and D, and the sun at A and B. 
Tides that are produced when the moon is in its quarters, are low, 
and are called neap tides.* 

formly at nich timet as at otheri. Bat these beams are intercepted, and the 
earth is eclipsed only where the moon's shadow falls, that is, on only a part of 
a hemisphere. In eclipses of the moon, that body ceased to receive light from 
the son, and, consequently, ceases to reflect it to the earth. The moon under^ 
goes a change In its appearance ; and, consequently, this change is visible at 
the same time to all to whom the moon is visible; that is, to a whole hemi- 
sphere of the earth. 

The earth's shadow (like that of the moon) is encompassed by a penumbra, 
C R S D, which is faint at the edges towards R and S, but becomes darker 
towards ¥ and G. The shadow of the earth is but little darker than the r^on 
of the penumbra next to it. Hence it is very difficult to determine the exact 
time when the moon passes from the pennmbra'into the shadow, and from the 
shadow Into the penumbra ; that is, when the eclipse begins and ends. But 
the beginning and ending of a aolar eclipse may be determined almost instan- 
tanaonsly. 

The diameters of the sun and moon are supposed to be divided into 12 equal 
parts, called digits. These bodies are said to have as many digits eclipsed as 
there are of those parts involved in darkness* 

There must be an eclipse of the sun as often, at least, as one of the moon's 
nodes comes between the sun and the earth. 

The greatest number of both solar and lunar eclipses that can take place 
during a vear is seven. The usual number is fbur,— two solar and two lunar. 

A total eclipse of the sun is a very remarkable phenomenon. 

June 16, 1806, a very remarkable total eclipse took place at Boston. The day 
was clear, and nothing occurred to prevent accurate observation of this inter- 
esting phenomenon. Several stars were visible : the birds were greatly agi- 
tated ; a gloom spread over the landscape, aad an indescribable sensation of fear 
or dread pervaded the breasts of those who gave themselves up to the simple 
effects of the phenomenon, without having their attention diverted by eflbrts of 
observation. The first gleam of light, contrasted with the previous darkness, 
■eemed like the usual taieridian day, and gave indescribable lifb and joy to the 
whole creation. A total eclipse of the sun can last but little more than three 
minutes. An annular eclipse of the sun is still more rare than a total one. 

* There are so many natural difficulties to the f>ee progress of the tides, that 
the theory by which they are accounted for is, in fact, and necessarily, the most 



941. What is the distance of the moon fh>m the equator f Where are the 
tides the highest f Why f 942. How are spring tides caused i Note. Why 
is a lunar eclipse visible to all to whom the moon is visible at the time f 
What is said of the earth's shadow f Explain by the figure. Into what are 
the diameters of the snn and moon supposed to be divided f How many digits 
are these bodies said to have eclipsed f How often must there be an eclipse of 
the sun f What Is the greatest number, of both lunar and solar eclipses, that 
can take place during a year f What is the usual number ? What ia said of 
the ecllpie of the san in 1806 f How are neap tides caused f 
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Fig. 145. 





943. When time is calculated by the sun, it is called 
solar time, and the year a solar year ; but when it is 
calculated by the stars,"^ it is called sidereal time, and 
the year a sidereal year. The sidereal year is 20 min- 
utes and 24 seconds longer than the solar year. 

944. A solar year t is meaisared from the time the earth sets oat 
from a particular point in the ecliptic, as an equinox, or solstice, 
until it returns to the same point again. A sidereal year is measured 
by the time that the earth takes in making an entire revolution in 
its orbit ; or, in other words, from the time that the sun takes to 
return in conjunction with any fixed star. 

945. Every equinox happens 50 seconds of a degree of the great 

imperfect of all the theories connected with astronomy. It is, however, indis- 
putable, that the moon has an effect apon the tides, although it be not equally 
felt in all places, owing to the indentations of the coast, the obstructions of 
islands, continents, &;c., which prevent the fi-ee motion of the waters. In nar- 
row rivers, the tides are frequently very higli and sudden, firom the resistance 
afforded by their banlcs to the dree ingress of the water, whence what would 
otherwise be a tide, becomes an accumulation. It has been constantly observ- 
ed, that the spring tides happen at the new and fUIl moon, and the neap tides 
at the quartern. This circumstance is sufficient in itself to prove the connex- 
ion between the influence of the moon and the tides. 

* The solar year consists of 365 days, 5 hours, 48 minutes, and 48 seconds-, 
but our common reckoning gives 365 days only to the year. As the difference 
amounts to nearly a quarter of a day every year, it is usual, every fourth year, 
to add a day. Every fourth year, the Romans reckoned the 6th of the calends 
ofMtxrch, and the following day ^ a» one day ; which, on that account, they called 
bissextile, or twice the 6th day; whence we derive the name of bissextile- for 
the leap year, in which we give to February, for the same reason, 29 days every 
fourth year. 

f As it may be interesting to those who have access to a celestial globe, to 
know how to find any particular star or constellation, the following directions 
are suhjoined : 

There is always to be seen, on a clear night, a beautiful cluster of seven 
brilliant stars, which belong to the constellation " Ursa Major^** or the Great 
Bear. Some have supposed that they will aptly represent a plough ; others 
■ay tiiat they are more like a wagon and horses, the four stars representing the 

Explain Fig. 145. Note. When do spring tides happen f When neap tides f 
948. What is time called when calculated by the sun f What is sidereal time f 
How much longer is the sidereal year than the solar f 944. How is a solar 
year measured f Note. What is the length of a solar year .' Why is a day 
added every fourth year, to the year ? How is a sidereal year measured ! 
945. What is the precession of the equinoxes f What change has this circura^ 
stance caused, with regard to the situation of the consteUations f 
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enele, preceding the place of the eqninoz, 12 monthi beftre ; and 
thii it called the vreeegsUm of the emanoxeM. It is this circumstance 
which has caoaea the change in the situation of the constellations 
mentioned in the notes to No. 854 and 924. 

946. The earth's diornal motion on an inclined axis together 
with its annual fevolntion in as -eUiptie ortMt, occasions so much 
complication in its motion, as to produce many irregularities; 
therefore true equal time cannot be measured by the sun. A clock, 
which is always perfectly correct, will, in some parts of the year, be 
before the sun, and, in other parts, afler it. There are but four 
periods in which the son and a perfect clock will a^e : these are 
the 15th of April, the 16th of June, the 23d of Augiut, and the 24th 
of December. 

947. The ffreatest difference between true and apparent time 
amounts to between sixteen and aeventeen minutes. Tables of 
equation are constructed for the purpose of pointing out and cor- 
recting these differences between solar time and equal or mean 
time, the denomination given by astronomers to true time. 

body of the wagon, and the other three the horses. Hence they are called by 
some the plough^ and by others they are called Charleses toainj or ttagon. 

Fig. 146 represents these seven stars : ab gd 
represent the four, and e z B the other three Fig. 146. 

stars. Perhaps they may more properly be ^ 

called a large dipper, of which e z B represent a 

the handle. If a line be drawn through the ^ 

stars b and a, and carried upwards, it will pass | 

a little to the left, and nearly touch a star rep- _. | 

resented in the figure by P. This is the polar f ^ 

■tar, or the north pole star ; and the stars b and • \ 

a, which appear to point to it, are called the • \ 

pointergf because they appear to point to the | \ 

polar star. \ \^ 

The polar star shines with a steady and "^^ 

rather dead kind of light. It always appears ia « x a ^ h 

the same position ; and the north pole of the a^tT "^^ ▼ 

earth always points to it at all seasons of the t /z e iL ^ 

year. The other stars seem to move round it B /*•*"' ♦ 

as a centre. As this star is always in the north. / if 

the cardinal points may at any time be found / ^ 

by starlight. / 

By these starp we can also find any other y' 
star or constellation. ^ 

. Thus, if we conceive a line drawn IVom the a 
star z, leaving B a little to the left, it will pass 
through the very brilliant star A. By looking on 

a celestial globe for the star z, and supposing the line drawn on the giobe^ sa we 
conceive it done on the heavens, we shall find the star and its name, which ii 
Arcturus. 

Conceiving another line drawn through g and b, and extended some distance 
to the right, it will pass Just above another very brilliant star. On referring to 
the globe, we find it to be Capella, or the goat. 

In this manner, the student may become acquainted with the appearsnce of 
the whole heavens. 

946. Can true equal time be measured by the sun ? Why ^ At what periods 
of the year do the sun and a perfect clock agree f What is the greatest difto- 
ence between true and apparent time f 
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[The flgnrei reftr to the nnmben and not to the page.] 

Attraction. o4. 

Attraction of Cohesion, 59; of gravitation, 58. 

Action, 136. 

Archimedes's discoveir of specific gravity, 315 rufU ; screw of, 330. 

Air, how high it extends, &c. 351 ; elasticity of, 355 ; pressure of, 394 ; 
how it becomes a mechanical agent, 393. 

Air Pump, 356 ; experiments with, 3&, &c. ; and instruments con- 
nected with, 362, &c. 

Acoustics, 417. 

Angle, right obtuse and acute, 147 noU; of vision, 552; of inci- 
dence and reflection, 147, 148, and 563. 

Aqueous humor, 634. 

Amalgam, 718. 

Aurora Borealis, 748. 

Armature of i^ magnet, 810. 

Ampere, his apparatus for illustrating the electro-magnetic rota- 
tion, 831. 

Astronomy, 837. 

Aphelion, ^9. 

Apogee, 860. 

Axis of the planets, their inclination, &c., 862. 

Aberration of light, 927. 

Asteriods, 896 ; supposed to be fragments of a large planet burst 
asunder, 896 note. 

Atmosphere, weight of, 399 note, 

Brittlenesn, 81. 

Barometer, 403, 406. 

Battery, electrical, 706. 

Biela's comet, 917 note. 

Bissextile, or leap year, 943 note. 

Compressibility, 7o. 

Compound motion, 151. 

Clock, how regulated, 201. 

Cylmder, 233. 

Complex wheel work, 238. 




GmUdme loM^ 635l 

Color, casK of, CGB nd 69a 

Cn unwu adpdfMne bottajy TTQl 

OonnnoB dcs taoKS, //i. 

CalorimoCor, 7G4 a0«s. 

€UM^IeUa:doimy8o^nai£-, aaaent^dat. 

Ca^uaOkaL, iideriar and aapenor, dGO aile. 

Chttadna oaed in Aatxaoomical wocksy 861 naCi. 

€^acheB on the earth, 873 and ^4; of perpetnal apparition and oo- 
eotetMD,929; galTanc,7od. 

CcwtMf 896u 

Coaieti,912. 

Cfavteia of ilaiSy 991. 

Celestial globe, hoar wed, 944 aflCe. 

DifMhili^, 37. 

Denallj,G5; hoar afiected bj heat and odd, 489. 

DnetOitr, 84. 

Dhrinff Bell, 402. 

Dioptnca, 500; laws of, 593. 

Dipping of magnetic needle, 802. 

Distance of the planets from the son, 847. 

Diameter, 147 aoCe ; of the sun, moon, and planets, 860. 

Diagonal, 147 moU. 

Dajrs and nights, canse of their difiemit lengths, 874 note. 

Digits, 937 ; note, on page 202. 

Discharger, i0nila£, 708. 

Extension. 32. 

Ezpansibinty, 77. 

Ehwticit^, 79. 

Equilibnom of fluids, 283. 

Echo, how prodncedy 439. 

Eye, its parts and description of, 028, Ac. 

ISeetricitj, 688 ; Titreoos and resinous, or positive and negative, 700 ; 
conduetois of, 693; by induction and transfer, 714, 716, and 749; 
elicited from a magnet, 836. 

Electrics. 692. 

Electrical machine, 717 ; batteiy, 706 ; experiments with, 720 ; elec- 
trical bells, 733; electrical sportsman, 737; electrical saw-miD, 
748 note ; electrical animals, 748 ; notOf page 152. 

Eleetrometer, 720. 

Electro-Magnetism, 812 ; principal fiusts relating to the acience, 817 
and 828; remarks on the science, 836. 

Electric sparks taken from a magnet, 816. 
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Eleetro-Ma^rnetic multiplier. 826 ; lotation, 898. 

Earth, its diameter, duo., 838. 

Ecliptic, 852. 

Eartn, not a perfect jBj^re ; appears as a moon to the inhabitants 

of the moon, &c., 892. 
£ncke*8 oomet, 917 ; note, on page 195. 
Eclipses, 937 ; total eclipse of the sun in 1806, 937 ', note, on page 

202. 
Equinoxes, precession of, 945. 
Figure, 36. 

Force, central, 160 } centripetal and centrifugal, 160. 
Fulcrum, 204. 
Fly-wheel, 248. 

Friction, 2iS4 ; cause of, 266 ; how lessened, 266. 
Fluids, 278 ; pressure of. 293. 
Fountain, how formed, 337. 
Farraday's discoveries, 816 and 836 ; his apparatus for exhibiting 

the electro-ma^etic rotation, 830. 
Gravitjr, or Grai^itatioQ, 87 ; fbrce of, where greatest, 88 ; efl^t of, 

on nuidsj^288 ; specific gravity, 100 ; centre of, 161. 
Governor, 273. 

Glass chimneys, how protected firom fracture, 486 note. 
Gasometer, or gas generator, 736 ; note, on page 147. 
Gymnotus Electricus, 748 note. 
Galvanism, 750 ; difference between electricity and galvanism, 750 ; 

its effects, 779; history of, 750 Twte, 
Galvanic conductors, 757. 

Galvanic circle, 760 ; effects of, how increased, 765. 
Galvanometer, 626. 
Georgium Sidus, 909. 
Galaxy, 922. 

Gibbous, when the moon appears, 935. 
Great Bear, 944 Twte. 
Heat, 459 ; its effects, 69 and 466 ; laws of, 458 ; sources and effects 

of, 467 and 483, &c. ; when greatest on the earth, 868 ; how 

propagated, 508 ; and reflected, 511. 
Hydrostatics, 277. 
Hydrostatic Bellows, 302. 
Hydrostatic Press, (Bramah,) 306. 
Hydrometer, 317. 
Hydraulics, 320. 
Hygrometer, 405 and 409. 
Harmony, science of, 427. 

Heavenly bodies, whv not seen in their real place, 600 ; their situa- 
tion must be calculated from the centre of the earth, 932. 
Hydrogen pistol, 736. 
Hydro-electric current, 816 fiote. 
Helix, 824 noU. 
Hesperus, 889 note. 
Herschel, 908. 

Halley's comet, 917; note, on page 195. 
Harvest moon, 936 

18 ♦ 
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Honter'f moon, 996. 

Impenetnbilitjr, 36. 

InoMtnictibiUly, 45. 

Inertia, 51. 

Incident motion, 146 ; incident ray, 562. 

Incidence, angle of, 147. 

Inclined plane, 251. 

Iris, 632. 

Insulated, 695. 

Induction, electricity by, 714.' 

Juno, 896. 

Jupiter, 897 ; his sateUites, eclipses of, 901 ; his belts, SOS. 

Kaleidoscope, 686. 

Kepler's Law, 864 ; illustration of, 865. 

Lever. 207. 

Liquios, 279. 

Locomotire steam engine, 507. 

Light, laws of, 541 and 593 ; composed of difierent colon, 671 ; its 

velocity, how ascertained, 901. 
Luminous bodies, 516. 
Lens. 604 ; various kinds of, 605 ; focal distance of, G14 ; effects of, 

616 note ; why used in spectacles, 626. 
Leyden jar, 704 ; how silently discharged, 713. 
Lightning, 747. 
Lightning rods, 713 ; square, better than round ones, 748 note ; most 

not be painted, 748 note ; Dr. King's and Mr. Quimby's, 748 note -, 

first proposed by Franklin, 748 noU. 
Line of direction, 181. 
Loadstone, 782. 
Lucifer, 889 note. 

Longitude ascertained by eclipses of Jupiter's Satellites, 901 
Matter, definition and properties of, 15 * all matter attractive, 86. 
MobiUty,78. 
Malleability, 80. 
Mechanics, 111. 
Motion, 112; uniform, accelerated, and retarded, 124 ; compound, 

151; circiilar. 157; centre of, 159; axis of, 159; resultant mo- 
tion, 192 ; when imperceptible, 556 ; cause of in the heavenly 

bodies, 843 ; their motion not uniform, 863. 
Momentum, 133. 
Magnitude, centre of, 163. 
Mechanical powers, 203 and 206. 
Medium, 268 and 528. 
Main sprint of a watch, 270. 
Magdeburffh cups, or hemispheres, 383. 
Mirrors, plain, concave and convex, 565 ; laws of reflection from, 

576, &c. ; concave, why they magnify, 574 ; convex, why they 

diminish, 570. 
Microscope, single, 644 ; and double, 648 ; solar, 650. 
Maffic lantern, G57. 
Multiplying glass, 684. 
Magnetism, 780 ; how it resembles, and difiTers firom electricity, 796 

note ; communicated by electricity, 823 and 833. 
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Magnet, properties of, 786 ; polarity 0^786 ; metfaode of aappor^ 

ing, TBo ; iti powers, how increased, 794 ; homshoe magnet, 796 ; 

artificial magnets, how made, 806 and noU ; magnets made "by 

electricity, SSQ. 
Mariner's compass, 804. 

Magneto-eleetncal machine, (Soxton's,) 836 «o(e. 
Mercury, 886. 
Mars,^. 

Meteoric stones, 896 noiB, 
Milky way, 922. 
Moon, 933. 

liatoral philosophy, definition of, 1 ; principal branches of, 2. 
Non-electrics, 690. 
Northern lights, 74a 
Oil, effects of, on waves, 328 note. 
Optics, 514. 
Optic nerve, 640. 
Oersted's discoveries, 816. 

Orbits of the planets, 844 ; their inclination to each other, 867. 
Opposition, 859 note. 
Perpendicular, 147 note. 
Parallelogram, 147 note. 
Projectile, 174. 
Parabola, 177. 
Projectile, random of, 178. 
Pendulum, 195 ; vibrations of. 196, dc«. 

Pulleys, 221 ; fixed and movable, 2S2 and 224 ; practical use of, 290. 
Pinion, 240. 
Pyronomics, 458. 
Pjrrometer, 482. 
Pupil of the eye, 633. 
Prism, 670. 
Planets of the solar system, 839 ; how distinguished from stars, 841 ; 

interior and exterior, inferior and superior, 847 note ; inhabited, 

875 note. 
Phosphor, 889 note. 

Perihelion, 859 ; of the planets, in what sign, 861. 
Perigee, 860. 
Pallas, 896. 

Pole or Polar star, 928; how to find, 944 noU. 
Parallax, 930. 
Porosity, 64. 
Quadrature, 935. 
Raritj^, 65. 
Reaction, 136. 
Reflected motion, 144. 
Radii, 147 note. 



Reflection, aufle of, 148. 

'ngandrefi: 
Reflected ray, 562. 



Reflecting imurefiracting substances, 519 and 520. 



JUfiraction of light, 591 ; eflSscis of, 597 and 617 ; laws of, 503. 
Retina, 637. 
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Rainbow, ho^ prodaoed, 677. 

ResinouB electricity, 700. 

ReTolotion, annual, of tiie planets, 846 ; around their axes, 848. 

Rays, converging, 525; diverging, 523; oblique and vertical, eflfects 

of, 868 and 869. 
Receiver of an air pump, 356; straight receiver, 739 and 377 note. 
Square, 147 note. 
Screw, 260. 
Specific gravity, 100; of bodies, how ascertained, 312 and 315, 

standard of, 3lO ; table of specific gravities, 311 note. 
Springs, bow formed, 334. 
Syphon, 338. 
&und, 418 ; produced by strings, 4>ft> ; velocity of, 437 ; of the 

human voice, how procfnced, 453. 
Sonorous bodies, 423. 
Steam, elastic force of, 494. 
Steam engine, 496 and 503 ; moving part of, 502 ; inventors and 

improvers of, 503 note ; Watt's Steam Engine, 506 ; liocomotive 

Steam Engine, 507. 
Shadows, &c., 532. 
Sclerotica, 639. 

Sky, cause of its blueness, 673 note. 
Spiral tube, 735. 
Straight receiver, 739. 
Silurus Electricus, 748; note, on page 152. 
Stereo-electric current, 816 note. 
Saxton, J., his magneto-electrical machine, 836 note. 
Solar system, 839 ; relative size of bodies belonging to, 850 ; tables 

of, 205 and 206 pages. 
Stars, 840 ; how distinguished from planets, 841 ; classed into six 

mi^nitudes, 918 ; never seen in their true situation, 927. 
Size, relative, of heavenly bodies, 850. 
Seasons, cause of the vanations of, 873. 
Sun, its size, diameter, &c., 878. 
Saturn, 904. 

Tables, 205 and 206 pages. 
Tenacity, 85. 
Tackle and fall, 231. 
Toggle joint, 275. 
TanUlus's cup, 340. 
Thermometer, 404 and 408. 

Transparent and translucent substances. 517 and 518. 
Telescopes, &c., 658 ; refracting and reflecting, 660 and 661. 
Transfer, electricity by, 716. 
Thunder-house, 741. 
Torpedo, vage 152, note to No. 748. 
Thermo-electric current, 816 note. 
Tropic, 874. 
Tangent, 147 note. 
Transit of Mercury and Venus, 891. 
Telescopic stars, Sil8. 
Tides, 938. 
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Time, solar and sidereal, 943; true and apparent, di£fozence be- 
tween, 947. 

TwiUght how caused, 601. 

Uniyersal discharger, 730. 

Uranus, 909. 

Ursa Major, 944 note. 

Velocity, 116. 

Vibrations of a pendulum, 196, &c. 

Velocity of a current, how ascertained, 396. 

Vacuum, 358 note. 

Ventriloquism, 455. 

Vision, angle of, 553. 

Vitreous humor, 636 ; vitreous electricity, 700. 

Voltaic electricity, or gatranism, 750 } mflference between this and 
common electncity, 775. 

Voltaic battery, 768 ', effects of, &c., 775, note, on page 159. 

Voltaic pile, 766. 

Venus, 889. 

Vesper, 889 note, 

Vesta, 896. 

Watch, how it differs firom a clock, 202. 

Wheel and axle, 233. 

Wedge, 256. 

Water, compressible, 279 note ; instruments for raising, 329 ; how 
it becomes a mechanical agent, 341. 

Water Level, 286. 

Waves, how formed, 328. 

Water wheels, overshot, undeifihot, and breast, 342. 

Wind, 415. 

Whispering galleries, 444. 

Tear, solar and sidereal. 944. 

Zodiac, 853 ; signs of, 854. 

Zodiacal light, 883. 

N. B. For the convenience of recitation, the figores are all re 
peated on separate leaves. 
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